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PREFACE. 


In drawing up this Manual of Botany, the object has* been 
to give a comprehensive, and, at the same time, a condensed 
view of all departments of the science, including the micro- 
scopical structure of plants and their morphology, the functions 
of their various organs, their classification and distribution 
over the globe, and their condition at various geological 
epochs. Care has been taken to notice the plants used for 
commercial or economical purposes, and particularly those 
having medicinal properties. The principles of adaptation 
and order which prevail in the vegetable kingdom have been 
prominently brought into view, with their bearings on sym- 
metry and arrangement. 

The physiology of plants has been considered in connec- 
tion with the anatomical structure of their different organs, 
and the recent views in regard to the embryogenic process 
in flowering and flowerless plants have been brought under 
notice.* In the department of classification, the system of De 
Candolle has been more or less completely followed, and the 

* In the Author’s “Class Book of Botany,’' the physiological department of 
Botany is very fully considered. 
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characters of the natural orders have been •briefly given. It 
has been shown that the great object of classification is to 
arrange plants according to their affinities in all important 
particulars, and thus to trace, what may be considered to be, 
the plan of the Almighty and all-wise Creator. At the same 
time, in all systems it is necessary to have artificial means to 
aid in the study of genera and species. Such means, like 
an index, must be easily applied so as to assist the beginner 
in his studies. It is only the Botanist, who has an extended 
knowledge of the vegetation of the globe, who has examined 
the effects produced on vegetation by climate and other cir- 
cumstances of existence, and who has studied aberrant forms 
in connection with natural orders, that can take a correct 
view of the alliances of plants. 

The divisions of geographical and palaeontological Botany 
are still in an imperfect state, and are undergoing constant 
changes from the discoveries of naturalists in various parts of 
the world. All that has been attempted in this volume i& 
to give a very general outline of these subjects, and to call the 
attention of the student to the points which still require 
elucidation. In the Appendix will be found a description of 
the microscope, of its use as an instrument of research in 
histological Botany, and of the mode of making vegetable 
preparations. There are also added directions as to the 
collecting of plants and the formation of an herbarium, with 
hints as to alpine travelling, and as to the examination of a 
country in a botanical point of view. A full glossary of the 
ordinary botanical terms is likewise given. 

The study of Botany is well fitted to call the observant 
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faculties into active exercise. It teaches the student to 
mark the differences and resemblances between objects, and 
leads to habits of correct observation and diagnosis. In 
the present day there is a growing feeling of its import- 
ance in mental culture, and a tendency to include it as an 
optional class in the curriculum of Arts, as well as in that of 
Medicine. It is now also taking a place in our school-books, 
and thus becoming part of the education of the young. It 
is a science fitted for all ages, for all ranks,* and for all 
seasons. In youth when the affections are warm and the 
imagination vivid ; in more advanced life when sober judgment 
assumes the reins ; in the sunshine of fortune, and the obscu- 
rity of ^poverty, it can be equally enjoyed. The opening 
buds of spring ; the warm luxuriant blossoms of summer : 
the yellow bower of autumn ; and the leafless desolate groves 
of winter, equally afford a supply of mental amusement and 
gratification to the Botanist.” It is hoped that the present 
Manual may aid in the promotion of a science, the study of 
which is so well calculated to contribute to the enjoyment 
and well-being of mankind. The examination of the plants 
which clothe the surface of the globe, of the lilies of the field, 
and of the meanest moss or lichen in our path, is well fitted 
to call forth exalted views of the eternal power and Godhead 
of Him who hath made all these for His own glory, and 
whose providential care extends to the clothing of the grass 
of the field, which to-day is, and to-morrow is cast into the 
oven. 

17 Inverleitji ltow, Edinburgh, 

* G th April 1860. 
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It has too often been supposed that the principal object of Botany 
is to give names to the vegetable productions of the globe, and to 
arrange them in such a way that these names may be easily found 
out. This is a most erroneqps view of the science, and one which 
was perhaps fostered by some of the advocates of the Linnean 
system. The number of specie? collected by a botanist is not con- 
sidered now-a-days as a measure of his acquirements, and names 
and classifications are only the mechanism by means of which the 
true principles of the science are elicited. The views in regard to 
a natural system proposed by Ray and Jussieu did much to emanci- 
pate Botany from the trammels of artificial methods, and to place 
it in its proper rank as a science. Their labours have been ably 
carried out by De Candolle, Brown, Endlicher, Lindley, Hooker, 
Arnott, Bentham, and others. The relative importance of the diffe- 
rent organs of plants, their st ructure, development and metamorphoses, 
are now studied upon philosophical principles. The researches of 
Gaudichaud, Mirbel, and Trecul, as to the structure and formation 
of wood ; the observations of Schleiden and Mohl on cell develop- 
ment ; the investigations of Brown, Schleiden, Fritzsche, Amici, 
Hofmeister, Tulasne, and others, into the functions of the pollen, 
the development of the ovule, and the formation of the embryo ; 
the experiments of Schultz, Decaisne, and Thuret, on the move- 
ments observed in the cells, vessels, and sj*>res of plants, and 
various other physiological inquiries, have promoted much our 
knowledge of the alliances and affinities of plants. Thus the 
labours of vegetable anatomists and physiologists all tend to give 
correct views of the relation which plants bear to each other, of 
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the laws which regulate their development, and of the great plan 
on which they were formed by the Creator. 

There is a tendency, however, to speak of the laws of nature as 
if they were in themselves executive, and this has led to erroneous 
views of the system of the universe. Many attempt to shut out God 
from His works by this means. The Creator is regarded as looking 
at the development of His plan, and watching its progress, but not 
requiring to exercise constant and unwearied superintendence of 
the minutest event. Nay, even when He creates animals with 
certain instincts, and plants with certain functions, He is repre- 
sented like an imperfect workman taking a lesson from the operations 
of the beings which He has made, and which, by their own efforts 
of selection, or by their own struggles for existence, complete what 
the Creator had set on foot. A certain mechanism is set a-going 
in some unknown way, and it continues to work according to 
definite laws. But what are laws, unless there is some one to carry 
them out. The great Author of these laws must he always working 
in them and by them, and upholding them in their integrity and 
efficiency. No doubt the Creator is a God of order and method, 
and the operations of His wisdom and power are displayed in wluu 
we call laws. The execution of these laws, however, is just as 
wonderful and miraculous as is a fiat of creation, and requires 
equally the exercise of Almighty power. The uniformity of nature 
depends on the wisdom that made these laws and adapted them to all 
the varying conditions of the universe. In the course of Providence, 
however, there are every now and then marked events vinrh 
seem to be at variance with this uniformity, as when a deluge 
overwhelms mankind, or when a sudden convulsion destroys the 
cities of the plain. Such events show that all things do not continue 
as they were from the beginning of tbe creation. Those who look 
for a progressive detelopment and a gradual and eternal advance 
towards perfection in tbe living beings which cover the earth, without 
further creative fiats or movements 2>er saltum , forget, in their 
speculations, that a time is coming when, as the Apostle says, “ the 
earth and the works that are therein shall be burned up,” and 
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then shall there he ushered in u a new earth/’ wherein righteousness 
shall dwell. We cannot but honour the man, who, by his 
genius and talent, has been enabled to develop one of the great 
laws of nature, and who feels and acknowledges that he has been 
the humble instrument to lift the veil to a certain extent which 
conceals the workings of the Almighty ; but we have no sympathy 
with that discoverer in science, who, puffed up with intellectual 
superiority, puts the laws which he has elucidated in the place of 
the Creator, whose personality and ever- working omnipresence he 
ignores. 

In studying, therefore, the laws which are exhibited in the eco- 
nomy of living beings, let^us never in the pride of science and 
philosophy forget Iiim, who not only created all things but up- 
holds all things, and by whom all things consist. While we 
apply ourselves with the earnestness of zealous students to ex- 
amine those wondrous works which are sought out of all that have 
pleasure therein, let us take every thing in connection with that 
Word which is the sole recoid of Truth, and which, as coming from 
the God of nature, must be in perfect harmony with the laws of 
nature. 

♦The Botanist, in accomplishing the ends he has in view, takes 
an enlarged and comprehensive view of the vegetation w T ith which 
the earth is clothed. He considers the varied aspects under which 
plants appear in the different quarters of the globe, from the Lichen 
on the Alpine summits, or on the Coral reef, to the majestic Palms, 
the Bananas and Baobabs of tropical climes — from the minute 
aquatics of our northern pools to the gigantic Victoria of the South 
American waters — from the parasitic fungus, only visible by the 
aid of the microscope, to the enormous parasite discovered by 
Baffles in the Indian Archipelago. 

It is interesting to trace the relation which all these plants bear 
to each other, and the mode in which they are adapted to different 
climates and situations. The lichens are, propagated by spores or 
germs so minute as to appear like thin dust, and so easily carried 
by the wind that we can scarcely conceive any place which they 
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cannot reach. They are the first occupants of the sterile rock and 
the coral-formed island — being fitted to derive the greater part of 
their nourishment from the atmosphere and the moisture suspended 
in it. By degrees they act on the rocks to which they are attached, 
and cause their disintegration. By their decay a portion of vege- 
table mould is formed, and in progress of time a sufficient quantity 
of soil is produced to serve for the germination of the seeds o 
higher plants. In this way the coral island is, in the course of 
years, covered with a forest of coco-nut trees. Thus it is that the 
most despised weeds lay the foundation for the denizens of the 
wood ; and thus, in the progress of time, the sterile rock presents 
all the varieties of meadow, thicket, and forest. 

The Creator has distributed his floral gifts over every part of the 
globe, from the poles to the equator. Every climate has its 
peculiar vegetation, and the surface of the earth may be divided 
into regions characterized by certain predominating tribes of plants. 
The same thing takes place on the lofty mountains of 'warm 
climates, which may be said to present an epitome of the horizontal 
distribution of plants. Again, if we descend into the bowels of the 
earth, we find there traces of vegetation — a vegetation, however, 
which flourished at distant epochs of the earth's history, and*the 
traces of which are seen in the coal, and in the fossil plants which 
are met with in different strata. By the labours of Brongniart 
especially, these fossil remains have been rendered available for the 
purposes of science. Many points have been determined relative 
to their structure, as well as in regard to the climate and soil in 
which they grew, and much aid has been afforded to the Geologist 
in his investigations. 

The bearings which Botany has on Zoology are seen when we 
consider the lowest tribe of plants, such as Diatomace#. These 
bear a striking resemblance to the lowest animals, and have been 
figured as such by Ehrenberg and others. The observations of 
Thwaites on Conjugation have confirmed the view of the vegetable 
nature of many of these bodies. There ^ appear, however, to be 
many productions which occupy a sort of intermediate territory 
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between the animal and vegetable kingdom, and for the time being 
the Botanist and Zoologist must consent to join occupancy* 

The application of botanical science to Agriculture and Horti- 
culture has of late attracted much attention, and the chemistry of 
plants has been carefully examined by Liebig, Mulder, and Johnston. 
The consideration of the phenomena connected with germination, 
and the nutrition of plants, has led to important conclusions, as to 
sowing, draining, ploughing, the rotation of crops, and the use of 
manures. 

The relation which Botany bears to Medicine has often been 
misunderstood. The medical student is apt to suppose that all he is 
to acquire by his botanical pursuits, is a knowledge of the names and 
orders of medicinal plants. The object of the connection between 
scientific and mere professional studies is here lost sight of. It 
ought ever to be borne in mind by the medical man, th^t the use 
of the collateral sciences, as they are termed, is not only to give 
him a great amount of general information, which will be of value 
to him in his after career, but to train his mind to that kind of 
research which is essential to the student of medicine, and to impart 
to it a tone and a vigour which will be of the highest moment in 
all his future investigations. What can be more necessary for a 
medical man, than the power of making accurate observations, and 
of forming correct distinctions and diagnoses? These are the 
qualities which are brought into constant exercise in the prosecution 
of the botanical investigations, to which the student ought to turn 
his attention, as preliminary to the study of practical medicine. In 
the prosecution of his physiological researches, it is of the highest 
importance that the medical man should be conversant with the 
phenomena exhibited by plants. For no one can be reckoned a 
scientific physiologist who does not embrace within the range of 
his inquiries all classes of animated beings ; and the more 
extended his views, the more certain and comprehensive will be 
his generalizations. 

To those who prosecute science for amusement, Botany presents 
many points of interest and attraction. Though relating to living . 
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and organized beings, the prosecution of it calls for no painful 
experiments nor forbidding dissections. It adds pleasure to every 
walk, affords an endless source of gratification, and it can be rendered 
available alike in the closet and in the field. The prosecution of 
it combines healthful and spirit-stirring recreation with scientific 
study ; and its votaries are united by associations of no ordinary 
kind. He who has visited the Scottish Highlands with a botanical 
party, knows well the feelings of delight connected with such a 
ramble — feelings by no means of an evanescent nature, but lasting 
during life, and at once recalled by the sight of the specimens 
which were collected. These apparently insignificant remnants of 
vegetation recall many a tale of adventure, and are associated with 
the delightful recollection of many a friend. It is not indeed a 
matter of surprise, that those who have lived and walked for weeks 
together Jn a Highland ramble, who have met in sunshine and in 
tempest, who have climbed together the misty summits, and have 
slept in the miserable shielding — should have such scenes indelibly 
impressed on their memory. There is, moreover, something pecu- 
liarly attractive in the collecting of alpine plants. Their compara- 
tive rarity, the localities in which they grow, and frequently their 
beautiful hues, conspire in shedding around them a halo of interest 
far exceeding that connected with lowland productions. The 
alpine Veronica displaying its lovely blue corolla on tlie verge of 
dissolving snows ; the Forget-me-not of the mountain summit, 
whose tints far excel those of its namesake of the brooks ; the 
Woodsia, with its tufted fronds, adorning the clefts of the rocks , 
the snowy Gentian concealing its e\e of blue in the ledges of the 
steep crags; the alpine Astragalus enlivening the turf with * its 
purple clusters ; the Lychnis choosing the stony and dry knoll for 
the evolution of its pink petals ; the Sonchus, raising its stately stalk 
and azure heads in spots which try the enthusiasm of the adventurous 
collector ; the pale-flowered Oxytropis confining jtself to a single 
British cliff; the Azalea forming a carpet of the richest crimson ; 
the Saxifrages, with their white, yellow, and pink blossoms, 
clothing the sides of the streams ; the Saussurea, and Erigeron 
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crowning the rocks with their purple and pink capitula ; the pen- 
dent Cinquefoil blending its yellow flowers with the white of the 
alpine Cerastiums and $e bright blue of the stony Veronica; the 
stemless Silene giving a pink and velvety covering to the decom- 
posing granite ; the yellow Hieracia, whose varied transition forms 
have been such a fertile cause of dispute among Botanists ; the 
slender and delicate grasses, the chickweeds, the carices, and the 
rushes, which spring up on the moist alpine summits ; the graceful 
ferns, the tiny mosses, with their urn-like thecae, the crustaceous 
dry lichens, with their spore-bearing apothecia ; all these add such a 
charm to Highland Botany, as to throw a comparative shade over 
the vegetation of the plains. 

Many are the important lessons which may be drawn from the 
study of plants, when prosecuted in the true spirit of Wisdom. 
The volume of Creation is then made the handmaid of the volume 
of Inspiration, and the more that each is studied, the more shall 
we find occasion to observe the harmony that subsists between 
them. It is only Science, falsely so called, which is in any wav 
opposed to Scripture. Never, in a single instance, remarks Gaussen, 
do we find the Bible in opposition to the just ideas which Science 
has given us regarding the form of our globe, its magnitude, its 
geology, and the productions 'which cover the surface. u The 
invisible things of God from the creation of the world are clearly 
seen, being understood by tlie things that are made, even his 
eternal power and Godhead.” The more minutely we examine the 
phenomena of the material world, and the more fully we compare 
the facts of Science with Revealed Truth, the more reason shall Me 
have to exclaim, in adoring wonder, w ith the Psalmist of old, “ 0 
Lord 1 how manifold are thy works! in wisdom hast thou made 
them all ; the earth is full of thy riches.” 
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BOTANY. 


PART I. 

VEGETABLE ANATOMY, OK GANO GRAPH Y, AND 
PHYSIOLOGY- 


1. Botany is that branch of science which comprehends the know- 
ledge of all that relates to the Vegetable kingdom. It embraces a 
consideration of the external configuration of plants, their structure, 
the functions which they perform, the relations which they bear to 
each other, and the uses to which they are subservient. It has been 
divided into the following departments: — 1 . Structural Botany , or 
Organography , which has reference to the textures of which plants are 
composed, and to the forms of their various organs. 2, Physiological 
Botany , in which plants are considered in their living or active state, 
and while performing certain vital functions. 3. Systematical Botany , 
or Taxonomy , the arrangement and classification of plants. 4. Geogra- 
phical Botany , or the distribution of plants over the globe. 5. Fossil 
Botany , or the nature of the plants found in a fossil state in the various 
geological formations. 


CHAPTER 1. 

ELEMENTARY ORGANS, OR VEGETABLE TISSUES. 

2. In their earliest and simplest state plants consist of minute vesicles, 
formed by an elastic transparent membrane, which is composed of a 

B 
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CELLUHB TISSUE. 


substance called Cellulose. This substance is of general occurrence, 
and constitutes the basis of vegetable tissues. The chemical formula 
representing it is either C 12 H 8 O 8 , or C 12 H 10 O l \ * It was long 
considered as essentially a vegetable product, not found in animal 
structures ; but Schmidt, Kolliker, and others, have recently detected 
it in the tissues of the ascidia, and other molluscous animals. It is 
allied to starch, into which it is convertible by the action of heat, the 
addition of sulphuric acid, or caustic potash . It becomes yellow on 
the addition of iodine, and when acted upon by iodine and sulphuric 
acid, a blue colour, like that of iodide of starch, is produced. The 
acid appears to convert the cellulose into starch. The membrane 
formed by cellulose is permeable by fluids, and becomes altered in 
the progress of growth, so as to acquire various degrees of consis- 
tence. A modification of cellulose occurs in the form of woody 
matter or lignin. The hard cells in the stone of the peach, and in 
the shells of other fruits and seeds, consist of cellulose, with deposits 
of ligain. In the advanced stages of growth, plants consist of two 
kinds of tissue, Cellular and Vascular, which, under various modifi- 
cations, constitute their Elementary oi'gans. These, by their union, 
form the Compound organs , by which the different functions of plants 
are carried on. 

3. The elementary organs consist ot vesicles and tubes , varying in 
iorm and size, and united in different ways. Vascular structures 

0 r\ always indicate the pre-existence of cell growth, but cellular 
development may go on indefinitely without the formation of 
1 tubes. The vesicles are cavities surrounded by a membrane, 
their length not much exceeding their breadth (fig. 1) ; while the 
tubes are similar cavities more or less elongated (figs. 3, 4). 

* These symbols indicate the equivalents of Carbon (C), Hydrogen (H), and Oxygen (0), 
which enter into the composition of cellulose, for the meaning of these and other chemical 
symbols, see Chap. II. Sect. I. Div. 2, on the lood of Plants. P. 113, et tea . 
fig I Vesicles or small cells. 
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SECTION I. — CELLULAR TISSUE. 


1. — Form and Arrangement of Cells. 

4. Cellular Ti«»ue is formed by the union of minute vesicles or 
bladders, called cells , cellules , or utricles. This tissue is often called 
Parenchyma (vrocgot, through, and iyyjw, I infuse). The terms 
Parenchymatous , Areolar , JJtncular , and Vesicular , when 
applied to vegetable tissues, may be considered as synony- 
j mous. The individual cells of which this tissue is com- 

( ' [ posed, when allowed to develope themselves equally in all 

j parts of their circumference, are usually of a more or less 
rounded form (figs.* 5, 6, 7); but during the progress of 
■a development they frequently become more elongated in 

1 one direction than in another (fig. 2), and often assume 

111 angular or polyhedral forms (fig. 8). 
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5. The following names have been applied by Morren, and other 

authors, to the tissue made up of variously-formed cells: — 1. Paren- 

chyma, a general name for cellular tissue, but often applied to that 

consisting of dodecahedral cells (figs, 8, 12, 13), which, when cut in 
one direction, exhibit an hexagonal form (figs. 14, 15), and hence the 
tissue is sometimes called hexagonie?ichyma {kZx 7 ayio :> six-angled) ; it is 
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seen in the pith of the Elder, and in young palm stems. 2. Sphceren- 
chyma ( ff p*? e *, a sphere), spheroidal cells (fig. 5). 3. Mei'enchyma 

{^v6),to revolve), ellipsoidal cells (fig. 6). 4. Ovenchyma (<W, an egg), 
oval cells. Pound, elliptical, and oval cells, are common in herbaceous 


kIJ?; \ l I ^ sl R for ^ < S{ , fl 8pind !!; 8 ? a I >ed cel1 - S. 4— Tubes or vi 
S’ Vn 5 * 7 Ji 8 7o C fl lfl ’ °J< utrlcle8 ' separate and combined, 
y, io, 11, 12, 1J.— figures lepresenting the lonaa of cells. 
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FORM AND ARRANGEMENT OF CELLS 


plants. 5. Conenchyma acone), conical cells, as liairs. 6. Columnar , 

cellular tissue, divided into Cyllndrenchyma ( xfotufyo;, a cylinder), cylin- 
drical cells, as in Chara (fig. 17 a), and Primmchyma (n^opct, a prism), 
prismadcal cells, seen in the bark of some plants (fig. 10). When 
compressed, prismatical cells form the muriform ( murus , a wall, like 
bricks of a building) tissue of the medullary rays of woody stems, and 
when much shortened they assume a tabular form, constituting Pinen - 
chyma (-*-/**£, a table), tabular cells (fig. 11), or square cells (fig. 9). 
7. Prosenchyma (If 29), or Atractcnchyma (At^ukto;, a spindle), fusi- 
form or spindle-shaped cells, seen in woody structures (fig. 2). 8. 

Colpenchyma , (macto;, a sinus or fold), sinuous or waved cells, as in the 
cuticle of leaves. 9. Cladenchyma (xXacof, a branch), branched cells, 
as in some hairs. 10. Actinenchyma, a ray), stellate or radiat- 

ing cells, as in Juncus and Musa (fig. 16). 11. Dadalenchyma (3* /$«xof 
entangled), entangled cells, as in some Fungi. 
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6. The size of cells varies not less than their figure in different 

plants, and in different parts of the same plant. They are frequently 
seen from to r(i ^ 0 f a n inch in diameter. In cork, which 

is cellular, Ilooke found more than a thousand in the length of an inch. 
In the pith of Elder cells of an inch in diameter are seen. In 
many succulent vegetables, and in the pith of some aquatic plants, 
large cells ranging from tj'o to ^ of an inch in diameter occur. 
Mohl declares the genera] average of cells to vary from to 

^while the cells in spores of Fungi have been computed at 
an inch in diameter. 

7. Each cell consists originally of a separate membrane, but in the 
progress of growth the walls of contiguous cells may become united. 
When cells are united by their extremities (fig. 17), their partitions 
are occasionally absorbed so as to form continuous tubes. When 
cells are united in a rectilinear manner, those in contiguous rows are 
either directly opposite to each other, that is, are placed at the same 
height (fig. 18), or are alternate, from being placed at different 
heights (fig. 19),* cells sometimes communicate with each other later- 
ally (fig. 20 a a ). Isolated cells, as spores of sea-weeds, occasionally 

Figs. 14, 15.— -Hexagonal cells. 

Fig. 10 Branching cells of Vicia Faba. 1 1 , Intercellular lacunae. 
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have free filaments, or cilia ( cilium, an eyelash) developed on their 
surface. 
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8. The simplest kinds of plants, as mushrooms and sea-weeds, are 
composed entirely of cellular tissue, and are called Cellulares. The 
pulpy and succulent parts of all plants contain much cellular tissue, 
and the object of horticultural operations is to increase the quantity of 
this tissue in ordinary fruits and vegetables. The pith of trees, and 
plants during their early development are cellular; so also are cotton 
and rice-paper. The cell may be considered as the ultimate struc- 
tural element of all organism. In the simplest vegetable forms, as in 
unicellular alga?, it is adequate to all the purposes of plant life. Vital 
operations are carried on in all plants by means of cells, the constitu- 
tion and functions of which vary according to the nature of the plants 
and the position in the scale of organization which they occupy. In 
the higher classes of plants, certain cells are concerned in the secre- 
tion of organizable products, which are elaborated by others into new 
tissues. The life of the higher species of plants results from the 
regular action of cells, which are of unequal value as regards the for- 
mation of new organs and new products. In cells there are observed 
the absorption and movements of fluids, the elaboration of these by 
exposure to air and light, and the formation of new cells. Schacht 
remarks that a plant is composed of one or more cells, and that it is 
only in the lowest species that the cells are of the same value ; in other 
words, are of the same chemical and physical nature, and of the same 
physiological importance. Even amongst the mushroom and sea- 
weed orders, it is only the lowest plants which have cells concerned 
alike in the processes of vegetation and reproduction. The higher 
plants of these orders are composed of parts having different values. 

9. In general, no visible openings can be detected in cells, although 
fluids pass readily into and out of them. Harting and Mulder, however, 
state, that they have observed perforations in the cells of Hoya carnosa, 

Ftps. 17 18, 19 — Cells united together by their extremities. 

t ur JO —Elongated thickened ceils, from the root of the Date Palm, a o. Canals of communi- 
cation. 
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Asdepiassymca, Cycas revoluta, Virginian spiderwort, and Traveller’s 
joy. In one cell (from a Euphorbia), having a transverse diameter of 
0*08777 millimetres,* they counted 45 minute holes. In some mosses, 
also, openings have been found in the celk 

10. Porous or Pitted cells are those in which the membrane is 


thickened at certain parts, with thin rounded spots intervening, which, 
when viewed by transmitted light, appear like perforations or pores 
(figs. 21, 28\ The unequal deposit of the internal encrust- 
||J ing cellulose or woody matter is the cause of this condi- 
tion. The pores of contiguous cells usually correspond as 
regards position, and sometimes the membrane becomes 
absorbed between them, so as to allow a direct communi- 
cation by means of lateral canals, as is seen in the cells 
Y& from the root of the Date (fig. 20 a a). When porous 
21 ** cells are united end to end, so as to form tubes, they 

have been denominated articulated Buthrenchjma (/Sotbcc, a pit), on 
account of their bead-like appearance, and the pits or depressions in 
their thickened walls (fig. 22 ) 

11. Fibrous or Spiral ceil* are those in which there is a spiral 
elastic fibre coiled up in the inside of the membrane (fig. 23). When 
united they for m fib) o-ccllular tissue , or Inenchyma (/* eg, fibres). These 
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cells generally consist of membrane and fibre combined, but the 
former appears to be sometimes absorbed wholly or partially during 
the progress of growth. The membrane, in some instances, is easily 
dissolved by water, and then the elastic close convolutions of the fibre 
spring out with considerable force, as in the outer covering of the seeds 
of Collomia and Salvia. Spiral cells abound in many of the Orchi- 
daceous plants, as Oncidiums and Pleurothallis ruscifolia, also in the gar- 
den Balsam, in the leaf of the moss called Sphagnum, and in the Cactus 
tribe. They are also found in the inner covering of anthers, in the 
spore-cases of many of the lower tribes of plants, and in the coats of the 
seeds of Acanthodium spicatum and Sphenogyne speciosa. The spiral 
filaments sometimes exhibit peculiar movements when placed in water. 

* A millimetre is about l-25th of an English inch. 

Fig. 21.— Porous cell, from the Elder ( Sambucus nigra). 

Fig, 22.— Articulated Bothrenchyma, or Taph rench yma, from Mistlcto, having a monillform 
appearance. Figs. 23, 24,25.— Spiral, annular, and reticulated cells, from Mistleto ( ViaumuLbum) 

Fig 26.— Scalar! form and dotted cell, from Elder (Sumbucut nigra) 
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Tht fibre in these cells varies from about to TV,far<f °f m h^h 
in diameter ; it is soEd, and presents either a circular, an elliptic, or 
a quadrangular section. The coils of the fibre sometimes separate 
from each other, and become broken up and united In various wavs, 
so as to appear in the form of rings, bars, or dots, thus giving rise to 
annular (fig. 24), reticulated (fig. 25), scalariform and dotted cells 
(fig. 26), which constitute the spurious or imperfect Inenchyma of 
authors. Annular cells are met with in Opuntia; reticulated cells, 
caused by fibres forming a sort of mesh or network, are seen in the 
wing of the seed of Swietenia, the pericarp of Picridium tingitanum, 
the leaf of Sanseviera guineensis, and the pith of Rubus odoratus and 
Erythrina Corallodendron. 

12. In certain parts of plants cells are placed closely together, and 
compressed so as to touch each other by flat surfaces, filling up space 
completely, and leaving no intervals ; they then form the perfect Paren- 
chyina of Schleiden (figs. 8, 27). In lax tissues, however, the cells retain 
a rounded shape, and then touch each other at certain points only, 
leaving intervals of various sizes and shapes, and forming the imper- 
fect Parenchyma of Schleiden (figs. 7, 28). These intervals, when of 
moderate size and continuous, are called intercellular passages ov canals ; 
when large, irregular, and circumscribed, intercellular spaces , or La- 
cuna (fig. 16 1 1). 

13. A difference of opinion prevails as to the mode in which cells 
are united together. Some maintain that the cell-walls in the youDg 
state unite together directly, and become agglutinated, more or less, 




27 28 

according to their places of contact. Others, as Mohl and Henfrey, 
hold that there is an intercellular matter which acts as a sort of 
cement, or Collenchyma glutinous matter). In sea- weeds, the 

cells, of which the entire plant is composed, are placed at a distance 
from each other (fig. 29 a a), and the intervals are filled up by this 
intercellular substance (fig. 29 6), which thus forms a large part of 


Fig. 27 —Cellular tissue, from pith of Elder. 

Fig. 28. — Porous Mereuchyma, from Houseleek (Stmptrvivum ttctorwn), Intercellular canal. 
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their bulk. . In the higher classes of plants, when the cells touch 
each other, the layer of intercellular matter must be veTy thin, except 
in the intercellular canals or spaces. Mirbel looks upon it as the 
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remains of the mucilaginous fluid in which the cells were originally 
developed, and which has become thickened to a greater or less de- 
gree, as in the root of the Date (fig. 30), where a a a indicate the 
cells, and b b h the interposed substance. 

2. — Contents of Cells. 

14. The external membrane of cells is composed of the unazotised 
substance called Cellulose , and in their interior a mucilaginous matter 
is contained, which undergoes changes in the progress of growth. 
This mucilaginous matter is the Protoplasm (t first, and 
formative matter) of Mohl, the Cytoblastema (xvtos, a cell, and 
/SxaffT^ee, a germ) of some authors. It is at first homogeneous, but 
ultimately assumes a granular form. The appearance of granules may 
be regarded as the earliest evidence of the formative process. It con- 
tains nitrogen in its composition, or is azotised,and it assumes a brownish 
colour when acted upon by iodine. It forms a mucilaginous layer on 
the inner surface of the cell -wall, and thus gives rise to the internal 
utricle of Harting and Mulder, the primordial utricle of Mirbel. This* 
inner membrane is visible in the young state of the cell, and under 
the action of tincture of iodine may be made to contract and separate 
from the outer cell- wall. It may also be rendered distinct by the 
action of strong hydrochloric acid, and by diluted sulphuric acid. 
When the process of lignification or thickening has advanced, this 
utricle disappears, in consequence of becoming incorporated with the 
cell-wall. 

15. In certain cells the membrane continues throughout to be 
formed of a thin layer of cellulose, while in others it becomes thick- 
ened by the deposition of matter on its inner side. These secondary 
deposits, or incrustations, are sometimes of a gelatinous consistence ; 
at other times they are hard. In the latter case, the incrusting matter 
is looked upon as a modification of cellulose, and has received the name 

Fig. 29 — Cellular tissue of Sea-weed ( Eimanihalia lorea). a a, Cells. 6, Intercellular matter. 

Fig 30 —Central portion of young root of Date, a a a, Thickened cells, b b b, Intercellular 
substance of Mirbel. 
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of lignine ( lignum , wood), or sclerogm hard, and ymAtv, to 

generate). On making sections of such cells, in a transverse (fig. 81) 
or longitudinal direction (fig. 32), the succes- 
sive layers may be seen either continuous all 
round, or leaving parts of the membrane un- 
covered. Cells of this kind are well seen un- 
der the microscope in thin sections of the hard 
shell of the Coco-nut, or of Attalea funifera, 
and of the hard seed of the Ivory Palm. In 
all cell-deposits there is a tendency to a spiral si 32 

arrangement. When the deposition is uniform over the whole surface, 
this arrangement may not be detected ; but when interruptions take 
place, then the continued coil becomes evident. In spiral cells the 
fibre seems to be formed before the full development of the cell, the 
coils of the fibre being at first in contact, and afterwards separated, 
whereas the secondary thickening layers are deposited after the cell is 
fully formed. According to the observations of Barry, Agardh, and 
others, the filamentous origin of fibrous structures is recognizable in 
the earliest stage of cell growth, and the interweaving of these fila- 
ments constitutes the cell-walls. 

16. Each cell is found to contain at some period of its existence, 
a small body called a nucleus (fig. 33 n n n,) in which there are often 
one or two, rarely more, minute spots called nucleoli. 

The nucleus is of around or oval shape, granular and 
dark, or homogeneous and transparent, bearing some 
resemblance to a smaller internal cell. Nucleoli are not 
always present. They are either vesicles and granules 
contained in the nucleus, or minute cavities in its sub- 

, stance. The latter view is supported by Barry, who C9 

holds that a peculiar substance called hyaline (t/«Xof, glass), is de- 
veloped there, which, according to him, is the origin of the nucleus. 
The nucleus is situated at different parts of the cell. It is either free 
in its cavity, or connected with its walls by mucilaginous threads, or 
imbedded in the substance of the membrane. The addition of acetic 
acid often renders the nucleus distinct. 

17. Starchy matter is found in cells, which constitute the tissue 
called by Morren, Perenchyma (vcn^ct, a sac.) Starch exists in the 
form of granules, which are minute cells, (perhaps nuclei, as Miilder 
states,) in which nutritious matter is stored up. This matter may be 
deposited in such a way as to give the appearance of striae surrounding 
a point or hilum, which is considered as an opening into the cell. 
The grains of starch are well seen in the cells of the potato (fig. 34). 
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In wheat (fig. 35), and in maize (fig. 36), the form of the granules, 
and the successive layers of deposit, are also seen. The grains in the 



stem of Nuphar luteum show the centripetal formation, that is, the 
increase by layers deposited within each other. The addition of iodine 
causes the grains of starch to assume a blue colour, and marks the 
difference between them and the walls of the cell containing them. 
Schleiden affirms starch to be the most widely diffused substance in 
the vegetable kingdom ; its presence may be regarded as in a measure 
indicating the age of the cell. With its formation in many ceils, we 
have a limitation of vital activity, by which the organism is brought 
into such a condition that the power of geftnination may be preserved 
for a very long period. 

1 8. t'ryMtaia are found in the interior of cells. They probably owe 
their origin to the union between the acids produced or # 
taken up by plants, as oxalic, phosphoric, malic and car- 
bonic, and the alkaline matter, as lime and potash, ab- 
sorbed from the soil and circulating in the sap. The 
crystals usually lie loose in the cells (figs. 37, 38); but, 
according to Payen, they are sometimes found in a dis- 
tinct tissue, and suspended from the wall of a large cell 
(fig. 39) — filling what some have supposed to be the base 
of an undeveloped hair. The crystals are of different 
37 sizes and forms. Occasionally, a single large crystal 
nearly fills a cell, but in general there are numerous crystals united 
together. Sometimes the crystals radiate from a common point (figs. 
40, 41), and form a conglomerate mass; at other times they lie parallel, 
and have the appearance of bundles of fine needles (figs. 37, 38). To 
the latter, the name of Raphides (gvpl;, a needle), or acicular crystals 
(acus, a needle), was originally given. It has been said that these 
crystals exist also in the intercellular spaces ; but this seems to depend 
on the mode in which the section of the plant is made, for when 
raphidian cells (fig. 42 r r r r) are situated close to a lacuna, the crys- 
tals may easily be pushed into it accidentally by the knife. Eaphides 
consist principally of phosphate and oxalate of lime. They abound in 
some plants, especially Cacti, and they are common in Squill, and in the 



Fig. 84.— Cell of Potato, containing striated starch grains. 

Fig. 35 —Grains of starch ol Wheat Fig 36. — Grains of starch of Maize. 

Fig 37.— Cellular tissue ot Arum maculatmn. c, Celle containing chlorophylle. rr, Raphidian 
cells. 
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officinal Turkey Rhubarb, the latter of which owes its grittiness to their 
presence. One hundred grains of rhubarb root contain about 30 or 



38 89 40 41 


40 grains of oxalate of lime crystals. Acicular crystals may be easily 
seen by making a section of any Liliaceous plant, as the hyacinth, and 
spreading the thick mucilaginous matter of the cells on the field of 
the microscope. Radiating raphides are seen in the sepals of Geranium 
robertianum and lucidum ; the crystals, consisting of oxalate of lime, 
fill the whole of the cells in the middle of the sepal, their size varying 
from ^ 6 to T5 \ 5jJ of an inch. Quekett found them in all the species 
of Pelargonium and Morisonia that he examined, 


and he thinks that they are as general as the r c* 

beautiful markings in the cuticle of the petals of c 

these plants. Clustered crystals have been de- 

tected in Malvaceous plants, and in the sepals of 

the strawberry; numerous acicular crystals have 

been observed in Fuchsias, and solitary cubical ; r 

crystals in the superficial cells of the sepals of ’ 

Prunella vulgaris and Dianthus Caryophyllus. r 42 

In the outer covering of the seed of Ulmus cam pest r is, the sinuous 
boundaries of the compressed cells are traced out completely by minute 
rectangular crystals adhering to each other. Unger detected oxalate 
of lime crystals in Ficus indica and Calathea zebrina. 


19. Chlorophyll green, and pvWov, a leaf), or the green 

colouring matter of plants, floats in the fluid of cells, accompanied by 
starch grains. It differs from starch in being confined to the super- 
ficial parenchyma, and in being principally associated with the phe- 
nomena of active vegetable life. It has a granular form (fig. 39 ?/, 
42 c), is soluble in alcohol, appears to be analogous to wax in its com- 
position, and is developed under the agency of light. It is well seen in 


smaSer e'enf 6118 ° f maculatnm * Clusters of raphides in a large oval cell surrounded by 

^ 8ue > from leaf of Ficus elastica. e, A large cell, r, An agglomeration of 
d fni ded f ’S a ? ac 17 a tube > L «* Ctncles filled with grams of chlorophyll, 
ferent forms ^ °* ** ee ^ W1 ™ conglomerate radiating crystals, a. b, Separate crystals of dif- 

44 -Conglomerate crystals of oxalate of lime from Rhubarb. 

T.liiaf.’n Cellular tissue of Coloctisia odora, r c. Cells wiiU grams of chlorophyll, r r r r, Ra* 
puiuion cells projecting into a lacuna or intercellular space. 
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leaves. Under the influence of darkness it undergoes changes which 
are seen in the phenomenon of blanching or etiolation. Its granules 
are usually separate, but sometimes they unite in masses (fig. 37 c). 
Other kinds of colouring matter are also produced during vegetation, 
and occur in the form of fluids or of granules in the interior of cells. 

20. oil* and Resinon* matter are found in the interior of cells, as 
well as in intercellular spaces. The cavities containing them are de- 
nominated cysts, reservoirs of oil, and receptacles of secretions . They 
are easily detected in the rind of the orange and lemon, in the myrtle 
tribe, and in Hypericum. When small portions of the fresh leaf of 
Schinus Molle are thrown on water, the resinous matter, by its rapid 
escape, causes them to move by jerks, and the surface of the fluid is 
covered with the exudation. In the bark of the Fir tribe there are 
cavities with thick walls containing turpentine. In the fruit of Um- 
belliferse, canals occur called vittce ( vitta , a head-band, from surrounding 
the fruit), containing oil. 

Air cell* or cavities containing air, consist either of circum- 
scribed spaces surrounded by cells (fig. 43), or of lacunae 
formed by the rupture or disappearance of the septa be- 
tween a number of contiguous cells, as in grasses, Equise- 
tum, Umbelliferous plants, and pith of Walnut. They 
are often large in aquatic plants, and serve the purpose 
43 of floating them, as in Pontederia, Trapa, Aldrovanda, 
and sea-weeds. The air-cells of Limnocharis Plumieri are beautiful 
objects. 



3. — Development and Functions of Cells. 

22. The subject of Cell-development , or Cytogenesis (kvtoc, a cell, and 
ytutats, origin), which has given rise to great diversity of opinion among 
physiologists, is still involved in much obscurity. By some it is 
affirmed that the first appearance of vegetable tissue is in the form of 
a mucilaginous fluid, which, gradually thickening, becomes hollowed 
into a number of small cavities constituting the future cells. Schleiden 
believes that the cell is formed from the nucleus, to which he gave 
the name of Cytdblast ( xvro a cell, and /3?i oloto;, a germ), or cell-germ , 
from its supposed generative function. This cytoblast, according 
to him, is the part first formed. It acts by attracting the mucilagi- 
nous matter in which it lies, and forming around itself a sort of gela- 
tinous covering. There is thus produced round the nucleus a closed 
utricle, which increases in size by the assimilation of the fluid in which 
it is placed. The development usually takes place on one side, the new 
cell appearing in the form of a transparent vesicle rising from the 
surface, and leaving the nucleus attached to the other side of the 


Fig. 43.— Air-cells In Ranunculus aquatilis. 
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utricle (fig. 33). The cytoblast is thus enclosed in the utricle, and 
may ultimately disappear by absorption, leaving a non-nucleated celL 
The membrane surrounding the nucleus is converted gradually into 
cellulose, and th&s the perfect cell is formed. According to Mohl, the 
nucleus is at first retained in the centre of the cell by means of mucous 
threads, and afterwards becomes fixed to the sides. Occasionally, the 
nucleus becomes imbedded in a duplication of the celL-wall. This 
process of self-development, according to Ascherson, is similar to what 
takes place when oil is mingled with a mucilaginous or albuminous 
fluid, each minute molecule of oil becoming surrounded by a thin 
film of membrane. In this view the cell is originally of a more or less 
globular form, and all the varieties of shape afterwards seen are due 
to changes in the progress of growth. 

Barry affirms that a minute pellucid globule (hyaline), is first seen in 
the formative matter. This absorbs and assimilates new matter, enlarges 
and becomes granular, thus forming the cytoblast of Sclileiden, after 
it has prepared a nucleolus for itself. The outer part of the cytoblast 
rises in the form of a membrane to produce a cell ; another portion of 
it is concerned in the formation of the contents of the cell ; and what 
is left of the cytoblast in the cell-wall becomes the nucleus of the cell. 
This nucleus (not the cytoblast of Schleiden) remaining on the cell- 
wall, is not absorbed, but becomes the source whence cytoblasts are 
formed. Thus, according to Barry, the substance of the larger body 
is not deposited around the smaller, but the smaller is transformed 
into the larger ; the nucleolus becomes the cytoblast, and the cytoblast 
becomes a nucleated cell. 

As regards the development of cells from nuclei, the present state of 
our knowledge does not warrant us in stating more than that there is 
a protoplasm, or soft organizable matter, which is contained in cells, or 
in the spaces between them ; that in this matter a nucleus is produced, 
either around previously existing nucleoli, or from the granules of the 
protoplasm ; and that the nucleus has the power of developing new 
cells, which become nucleated, increase in size, and escape from the 
parent cell, by rupture or absorption. In the production of young cells, 
the nucleus of the parent cell sometimes divides into two, each part 
having the power of giving rise to a new cell. There is thus a constant 
multiplication of cells by an intra -cellular or endogenous (hd o>, within, 
and yewauvy to generate) process. 

23. It is supposed by some that cells may arise without a nucleus, 
by the simple aggregation of granular matter, which becomes enve- 
loped in a membrane, and thus forms a cell with granular contents. 
In such cells, a body similar to a nucleus may be afterwards formed, 
and may assume the function of the cytoblast of Schleiden, as far as 
the subsequent endogenous development of new cells is concerned. 
Some physiologists maintain that the cytoblast is never concerned in 
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cytogenesis, but only takes part in the various chemical and other 
changes which occur in the contents of the cell during its growth and 
nutrition. Mold and Henfrey state that new cells are produced by the 
division of the primordial utricle (If 14), which gradually folds inwards 
about the middle, forming an annular constriction, and ultimately a 
complete separation of the utricle into two parts. Each of these after- 
wards becomes covered by a permanent cell-wall. Henfrey has sup- 
ported this view by observations made on the hairs of Tradescantia 
and of Achimenes grandiflora, in which he has traced the gradual 
formation of a septum. 

24. Naegeli maintains that new cells are produced by the division 

of the primordial utricle, or mucilaginous sac, as he calls it, and its 
contents into two or four portions, each of which encloses a free nu- 
cleus. From each of these portions, a cell, with its outer layer of 
cellulose, originates, while the parent cell becomes dissolved and dis- 
appears. The outer layer of the new cells is formed, according to him, 
round, and by the separate portion of the divided utricle. The mode 
of division he does not explain. This view does not appear to differ 
much* from that adopted by Unger, who traces in Algae the develop- 
ment of new cells, by a Jissiparous (Jissiis , split, and pario , I produce), 
or merismatic division) separation of the old oneB into four 

divisions, in the same way as occurs in pollen grains. In some of the 
most simple plants, multiplication takes place by a sort of sprouting of 
new cells from old ones, like buds from a stalk. 

25. The various theories of cell-development may be therefore re- 
duced to the following: 1. The Endogenous formation, within a 
parent cell; 2. The Exogenous, without, or on the outside of the 
cell ; 3. Merismatic, or by division of cells ; 4. Isolated, or the 
independent formation of cells in a protoplasm. Cells are also formed 
by what has been called Conjugation , or by the union of two cells, 
which by their mutual action give origin to a third. This is par- 
ticularly seen in some of the lower Algas.* 

26. The formation of cells from nuclei, and their fissiparous division, 
are by some attributed to different electrical currents excited by the 
chemical actions going on in the cell. Cells are produced with great 
rapidity, especially in the case of fungi. From an approximative 
calculation, it is found that in Bovista gigantea 20,000 new 
cells lire formed every minute. Ward has noticed a similar occur- 

• For a foil view of the subject of the development and growth of cells, the following works 
muy be consulted Schletdeu on Phylogenesis, and Mold on the Structure of the Vegetable 
Cell, translated in Taylor’s Scientific Memoirs, Vols, II. and IV.; Naegeli on Vegetable Cells, 
Ray Society’s Reports, 1846; Sharpcy, Anatomy: M. Barry, Physiology oi Cells, Aic., in Philo- 
nophical Transactions, 1840; and on Nucleus of Cells, in Jameson’s New Philosophical Journal 
for September, 1847 ; Carpenter’s Physiology; Braun on the Phenomenon of Rejuvenescence in 
Nature, Ray Society’s Reports, 18W. 
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rence in Phallus impudicus. In warm climates, at the commencement 
of the wet season, the production of cells in the higher classes of plants 
proceeds with astonishing rapidity. 

27. The organized cells of plants appear to be the more immediate 
seats of the various changes which constitute the functions of nutri- 
tion and reproduction. In cellular plants they are the only form of 
elementary tissue produced throughout the whole of life. They 
absorb nourishment through their walls, elaborate secretions, and give 
rise to new individuals. In the newly-formed tissue of vascular 
plants, cells alone at first exist. Fluid matters are absorbed by them, 
and are transmitted from cell to cell by a process of transudation. The 
name of Endosmose (Zubov, inwards, potco, fiZ, I seek), and Exosmose 
(Jiu, outwards), were given by Dutrochet to the process of transuda- 
tion, which leads to the motions of fluids of different densities placed 
on opposite sides of animal and vegetable membranes. This process 
appears to be of universal occurrence in plants, being concerned in 
the movements of the sap, the opening of seed-vessels, and many 
other phenomena. The capsule of the Elaterium, for instance, opens 
with great force by a process of endosmose going on in the cells, and 
such is also the case with that of the Balsam. The power which 
cells possess of absorbing fluids is well seen in sea-weeds, which, after 
being dried can easily be made to assume their natural appearance 
by immersion in fluids. It is also observable in the spores of the 
Equisetum, the teeth of Mosses, the seed-vessels of some Fig-mari- 
golds, the Rose of Jericho (Anastatica), and some Lycopodiums. 

Various organic secretions, which are necessary for growth and 
nourishment, are formed by the internal membrane of cells. It is in 
cells that the azotised and unazotised matters are deposited, which 
are afterwards applied to the purposes of vegetable life. In them 
we meet with the proteine compounds, albumen, fibrine, and caseine, 
consisting of carbon, oxygen, hydrogen, and nitrogen, with proportions 
of sulphur and phosphorus ; as well as starch, gum, sugar, oil, and 
colouring matters, in which no nitrogen occurs. Some of the organic 
matters found in plants have been artificially formed by chemical 
means, while others have only as yet been met with in the living 
organism. Spiral cells sometimes contain air. 

SECTION II.— VASCULAR TISSUE, 

1.— Form and Arrangement op Vessels. 

28. Vascular tiMAe, or Angienchyma (dyyos, a vessel), consists of 
tubes, whose length greatly exceeds their breadth. These may be 
formed of membrane only, or of membrane altered in various ways 
by deposits of fibre, or thickening matter in the interior. 



1 6 FORM AND ARRANGEMENT OF VESSELS. 

29. Woody Fibre* or Ligneous Tissue, Pleurenchyma (crtovg*, a rib, 
from its firmness), (fig. 44,) consists of tubes, or, according to some, 
elongated cells, of a fusiform (fusus, a spindle) or spindle-like shape 
(fig, 3), having their walls thickened so as to give great firmness. 
This form of tissue does not exist in cellular plants. Some have called 
this tissue Prosenckyma (cr^oV, close to, in reference to the close appo- 
sition of the tubes), a term, however, generally applied to 
shortened fusiform cells only. Pleurenchymatous vessels 
lie close together, overlap each other, and, by their union, 
give strength and solidity to the plant. Their membrane 
becomes thickened by successive deposits of layers of cellu- 
lose and sclerogen, and in a transverse section the tubes 
present the appearance of concentric circles, occasionally 
with intervals, where the ligneous matter is deficient (fig. 
45). The wood of trees is made up of fibres or tubes of 
this kind, and they are found in the inner bark, and in the 
veins of leaves. The woody fibres may be separated from 
the cellular parts of plants by maceration. In this way 
Flax and Hemp are procured, as well as the Bast used for 
mats. The strength of the woody fibres of different plants 
varies. Thus, New Zealand Flax, the produce of Phor- 
mium tenax, is superior in tenacity to Common Hemp ; 
while the latter, in its turn, excels Common Flax, as well as 
Pita Flax, which is the produce of Agave americana. Linen 
is formed from woody tissue. Cotton, on the other hand, 
consists of elongated cells or hairs, the membrane of which 
becomes contracted in the process of drying, so as to appear 
twisted when viewed under the microscope*. By this character 
mummy cloth was shown to be composed of linen. Woody 
fibres, in fabric, form muslin, lace, &c.,(some fine Indian 
muslins only are formed from woody fibre ; other muslins 
are made of cotton ;) when reduced to small fragments, 

they constitute the pulp whence paper is made. 

30. In its ordinary form, Pleurenchyma has no definite markings 
on its walls ; but in some instances these present themselves in the form 
of simple discs (fig. 46), or of discs with smaller circles in the centre 
(fig. 47.) The latter occurs in the wood of Firs, Pines, and Winter’s 
bark, and has received the name of glandular or punctated wood y 
tissue. These markings are formed by concave depressions on the 
outside of the walls of contiguous tubes, which are closely applied to 
each other, forming lenticular cavities between the vessels, like two 
watch-glasses in apposition, and when viewed by transmitted light 
they appear like discs (fig. 46.) In the centre of the depression 



Fig. 44.— Woody fibres ( Pleurenchyma ), from Clematis Vitalba. 
Fig. 46.— Transverse section of the same. 
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there is a canal, often funnel-shaped, and the 
part of the tube corresponding to it being thus 
thinner than the surrounding texture, gives the 
aspect of a smaller circle iD the centre (fig. 47). 

When a thin section is made through two parallel 
lines of punctations, the slits or fissures are seen j 
which give rise to the appearances mentioned (fig. | 

48). That these markings are cavities between ; 
the fibres was proved by Quekett in the case of j 
fossil pine wood, where he separated lenticular F 
masses of solid matter from the discs. There is J 
sometimes observed a thickening layer, in the form 
of a spiral fibre, surrounding the discs more or less completely, 
discs are usually arranged in single rows, but they occur also 
in double and triple rows, more particularly in Araucaria 
and Altingia, — the markings alternating with each other. 

31. Fibro-Vancuiar TUsae, or Traclienchyma ( trachea , 
windpipe; t^uxvs, rough), is formed of membranous tubes 
tapering at each end, less firm than Pleurenchyma, and 
either having a fibre coiled up spirally in their interior, or 
having the membrane marked with rings, bars, or dots, 
arranged in a more or less spiral form. 

32. True Spiral Teueii, ( spiroidea , trachea ), constituting 
the typical form, present themselves as elongated tubes 
clustered together, overlapping each other at their conical 
extremities, and having a spiral fibre or fibres surrounding 
the interior of the cylinder (fig. 49). Their outer mem- 
brane is thin, and consists of pure cellulose. At the point 
where they overlap, it is sometimes absorbed, so as to allow 
direct communication between the vessels. The fibre or 
spiral filament is generally single, forming simple tracheae 
(fig. 50) *, but sometimes numerous fibres, varying from 
two to more than twenty, are united together, assuming the 
aspect af a broad ribband (fig. 51), and constituting Pleio- 
trachece (?rAe/W, more). The fibre is elastic, and can be 
unrolled. This can be seen by taking the leaf of a Pelar- 
gonium, and after making a superficial cut round the stalk, pulling 
the parts gently asunder, when the fibres will appear like the threads 
of a cobweb. 

33. Spiral vessels were first noticed as early as 1661, by Henshaw 



Fig. 46.— Woody fibres with circular spots where the membrane is thin ( Bignoma ). 
fig. 47 — Punctated woody tissue, with double circles or discs, from common Scotch fir. 
fig. 48.— Longitudinal section of the same, showing the union between the fibres and the mode 
in which tho circles are formed. 

Fig. 49 — 1 Two spiral vessels united. 

Fig. 60.— Simple trachea. 

Fig. 61.— Spiral vessel with a ribband of united fibres (Pltiotrachea) from the Banana. 
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They occur principally in the higher classes of plants, and are well seen 
in annual shoots, as in Asparagus ; in the stems of Bananas and Plan- 
tains, where the fibres may be pulled out in handfuls, and used as tin- 
der; in many aquatics, as Nelumbium and Nymph sea; and in Liliaceous 
plants. In hard woody stems, they are principally found in the sheath 

r surrounding the pith, and they are traced 

from it into the leaves. They are rarely 
found in the wood, bark, or pith. Spiral 
vessels occasionally exhibit a branched 
g appearance. This may arise from the 
* union of separate vessels in an angular or 

fP jointed manner, as where a leaf or branch 
is given off (fig. 52 a a), or it may depend 
ggS g on a regular division of the fibres, as is seen 
in the Mistlefco, Long-leek, and Gourd (fig. 

34. The fibre is on the inside of the mem- 
brane. Quekett has shown this in silici- 
53 fied spiral vessels, where the mark of the 
spiral was on the outside of the mineral matter filling the tube. The 
fibre usually turns from left to right, if we suppose the observer placed 
in the axis of the tube (fig. 54), or from right to left, if we suppose 
him looking at the vessel in its natural position. The fibre retains its 
direction throughout the length of the vessel. When examined under 
the microscope, there is often the appearance of the crossing of fibres 
, tfig. 54), in consequence of the transparency of the mcm- 
>s W brane, and the observer seeing the fibre on each side of the 
W vessel at the same time. In twining plants, the direction 
M of the fibre does not always correspond with that of the 
P\J stem. The coils of the spiral fibre may be close together 
f \ (fig* 50), or be separated (fig. 55). Sometimes they become 
^ 0 united together, and to the membrane of the tube, so that 
Sj they cannot be unrolled. Such vessels are called closed 
m 55 trachesB, or closed ducts, and arc seen in ferns. 

35. False or Spartans TrAchea, the ducts of some authors, are ves- 
sels in which the internal fibre does not form a complete spiral coil. 
The chief varieties are annular , reticulated, and scalariform vessels, or 
ducts. In annular vessels (annul us, a ring), the fibres form complete 
rings round the tubes (fig. 56). They resemble the tracheae of ani- 
mals more than spiral vessels do. The rings are by no means regular ; 
they may be horizontal or inclined, simple, or forked (fig. 57), placed 
near to each other or separated by considerable intervals, the inter- 

Fig 62. -Spiral vessels, united so as to hare a branched appearance. 

Fig. 53.— Branching fibre, from spiral vessels of Gourd ( Cucurbita Pepo), 

Fig. 64.— Spiral vessels. Coils seen on both side*. 

Fig. 65.— Coils of fibre, much separated in trachea of Gourd. 
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mediate spaces being sometimes occupied by a fibre of an elongated 
spiral form, which is continuous with the rings ot distinct from them 
(fig. 58). All these forms are easily recognized in the common Bal- 
sam. Occasionally, the ring becomes very much thickened in a direc- 
tion perpendicular to the walls of the vessel, so as to leave only a 
small space iij the centre, as in some of the Cactus tribe. When 
separate fibres cross each other, forming a kind of net- work on the 
walls of the tubes (fig. 59), the vessels become reticulated {reticulum, a 
net) ; and the name dotted is sometimes applied when the fibre is so 
broken up as to leave small isolated portions adhering to the membrane 
(fig. 60). In scalariform vessels ( scala , a ladder), there are short 
horizontal lines or bars, composed of fibre, arranged along the sides 
of the tubes, at nearly equal distances, like the steps of a ladder, and 
presenting a striated appearance. In some cases, as in the Vine (lig. 




61), they are composed of tubes united to each other by thin, broad, 
oblique extremities ; at other times they taper like spiral vessels. They 
generally assume a prismatic form, the angles being unmarked by 
lines, as is seen in Ferns (fig. G2). 

36. Porous vessels.— Another kind of vessel common in plants is the 
porous vessel, so called from the appearance of pores on its surface. 


Figs. 5fi, 57, 58 —Annular vessels from the stem of the Common Balsam. 
Fig. 59.— Spiral vessel. Wide coil, and fibre dividing. 

Fig. 60 — Vessel showing rinjrs of fibre and dots. 

Fig. 61 — Scalai-lform vessel from the Vine, 

Fig. 62 —Prismatic sulunform vcsael fr^ra Royal Fern (Otmutxla regal is), 
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The tissue formed by porous vessels has received the name of Vasiform 
tissue, Pitted tissue, Bothrenchyma , or Taphrenckyma (fi66po; or rappor, 
a pit). The vessels are of large size, and are easily observed in the 
Vine (fig. 63), Sugar Cane, Bamboo, Gourd (fig. 98 ter), and other 
plants, in which the sap circulates rapidly They consist of cylinders 
more or less elongated, in which the thickening matter is so deposited 
as to leave part of the membrane uncovered, thus giving rise to the 
porous or pitted appearance. The uncovered portions of membrane are 
sometimes absorbed in old vessels, and a direct com- 
munication is established between them. The pores 
have sometimes a bordered aspect, which, according 
to Schleiden, depends on air contained in the cavities 
between contiguous vessels. Porous vessels are usually 
united to each other by a broad and often oblique 
septum. 

37. This kind of vessel occa- 
sionally presents a beaded appear- 
ance, as if formed by porous cells, 
with distinct constrictions at their 
point of union (figs. 64, 65). This 
articulated Bothrenchyma is by 
some considered as a form of cel- 
lular tissue (f 10, fig. 22). To 
vessels exhibiting contractions of 
this kind, whether spiral or porous, 
the terms moniUform ( monile , a 
necklace), or vepniform {vermis, a 
worm), have been allied ; and the tissue composed of spiral, annular, 
or porous moniliforra vessels, has been denominated phleboidal (p*^, 
<P*s(S6; t a vein). 

38. itaticiferons vessel* form the tissue called Cinenchyma ( Kiviu , I 
move, from certain movements of their contents, to be afterwards 
noticed). They are the Milk-vessels, and the Proper vessels of old 
authors ; and of late years they have been particularly examined and 
described by Schultz. They consist of long, branched, homogeneous 
tubes, having a diameter of about T ioff of an inch, which unite or 
anastomose freely (fig. 66), thus resembling the vessels of animals. 
At first the tubes are very slender and uniformly cylindrical (fig. 67 
a), but afterwards they enlarge and present irregular distensions at 
different parts of their course (figs. 67 b , 68), so as to give rise to an 
articulated appearance. Their walls vary in thickness, and are not 




Fig. 63.— Porous vessel ( Bothrenchyma ) from the Vine, showing its connection with woody 
fibres, and the hroad septa or partitions of the vessel itself. 

Fig. 04. — Porous vessel from Traveller’s joy (Clematis Vttalha). 

Fig. 65.— MoniUiorm porous vessels from the Common Balsam. 
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marked by any depressions or fibres. These vessels are met with in 
the inner bark, and they contain a granular fluid called latex, which 
is at first transparent, but often becomes of a white, yellow, or reddish 
colour. Endlicher and Unger state that they are formed bv cells 
united in a linear series, their septa being obliterated ; while Meyen 
and Schleiden maintain, that at a very early period the currents of 
latex may be seen in the intercellular canals, and that ultimately a 


a 



66 t>7 wi 


separate membrance is developed to form the vessels. The tissue can 
be easily examined in the India-rubber tree, in Dandelion, Lettuce, 
and Celandine, and in various species of Ficus and Euphorbia. 

2. — Development and Functions of Vessels. 

39. The simple cell is the state in which vegetable tissue first makes 
its appearance. It is the primary form of all the textures subsequently 
produced in vascular plants. To the elongation of cells, and the depo- 
sition of thickening layers and fibres in their interior, the various ves- 
sels owe their origin. Thus when cells are developed as continuous 
branching tubes, which* anastomose freely, Cinenchyma is formed; 
when they are elongated, as spindle-shaped tubes, and their walls are 
thickened and hardened by depositions of ligneous matter, they give 
rise to Pleurenchyma ; and when elongated membranous tubes are 
strengthened by spiral fibres, the different kinds of Fibro-vascular tissue 
are produced. The spiral vessel may be considered as the type of the 
last-mentioned tissue, and all its varieties may be traced to changes 

Fig. 66.— Laticiferous vessels ( Cinenchyma ) from Euphorbia dulcis. 

Figs. 67, 68.— Vessels of Latex from Celandine (CbcMontum 
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taking place in the development of the fibre. The coil may be broken 
in consequence of the fibre adhering to the membrane, and the latter 
increasing rapidly in growth ; or the fibre may be deposited irregularly, 
in consequence of interruptions in growth. This view of the formation 
of vessels is confirmed by finding in the same tube a complete spiral 
fibre in one part, annular fibres, either complete or with their ends 
overlapping, at another, and bars or dots at a third portion. In the 
case of some vessels, their formation can be distinctly traced to cells 
placed end to end, the partitions between which have been absorbed. 
The moniliform or beaded appearance often presented by the different 
kinds of vessels, more especially the Porous, plainly indicates this mode 
of formation. 

40. As in cells, so in vessels, the walls are composed of cellulose, 
and there are usually no visible perforations ; the communication be- 
tween them taking place by imbibition or endosmose. In some instances, 
when vessels are closely applied to each other, especially when they 
overlap, the membrane becomes absorbed, and direct communication 
takes place. This has been seen in spiral and porous vessels. The pits 
or depressions on the walls of vessels, and the thinning of the tissue 
at particular points, appear to serve the purpose of allowing the rapid 
transmission of fluids ; and, according to some, they permit the passage 
of small cells from the interior, which become developed as tubes, and 
form branching vessels. 

41. Pleurenchyma, in its early state, contains fluids, and conveys 
them from one part of the plant to another. In the progress of growth, 
the secondary deposits obliterate the vessels, as in the perfect or heart 
wood of ordinary trees. These deposits are often of a very hard 
nature, and assume particular colours in different kinds of trees. 
From the firmness of this tissue, it is well fitted to give solidity to 
the stems and to strengthen the leaves of plants. In Spiral vessels, 
the fibre adds to their elasticity, and keeps the tubes always pervious. 
The fibre, when once formed, does not increase much in thickness, and 
the secondary deposits do not obliterate the canal. Various opinions 
have prevailed regarding the contents of these vessels. The name 
Tracheae, given by Grew and others, was partly from their structure, 
and partly from the idea that they contained air. The accurate ex- 
periments of Bischoff lead to the conclusion that the perfect spiral 
vessels convey air, which often contains a large amount of oxygen in 
its composition. Hales showed that air was evolved from the vessels 
of the Vine when cut, and Decandolle thought that part of the air in 
these vessels was derived from the pores of the leaves. Other authors 
look upon these vessels as conveying fluids, while a third set maintain 
that both air and fluids are present, the air being derived in part from 
decompositions going on in the interior of the plant. The other kinds 
of vascular tissue, and especially the porous vessels, are the means 
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by which the fluids taken up by the roots of plants are conveyed to 
the leaves, and to all parts of the plants. Laticiferous vessels contain, 
according to Schultz, the elaborated sap or latex on its return from 
the leaves to the bark. This latex is either transparent or opacpie, 
colourless or coloured. These vessels, when examined with the micro- 
scope in the living plant, exhibit movements in their fluid contents of 
a peculiar kind, which will be considered under Cyclosis. (p. 134) 

42. The cell has been already shown to be the type of all the tissues 
of plants, and to be the basis of all vegetable structure. It is of equal 
importance as regards function. In the lowest plants, as the Protococ- 
cus nivalis, or the Alga found in red snow, and the various species of 
Palmella, Nostoc, and Haematococcus, cells constitute the whole sub- 
stance, and perform all the functions of life ; they absorb and assimi- 
late, thus performing the functions of nutrition and secretion, and they 
form new cells, thus reproducing individuals like themselves. When 
a more complex structure exists, as in the higher tribes of plants, 
certain cells are appropriated for absorption, others are concerned in 
assimilation, and others in forming and receiving secretions. When a 
certain degree of solidity appears to be required to support the stem, 
leaves, and flowers, ligneous matter is deposited, and woody fibre 
formed. When the transmission of fluids and air is carried on rapidly, 
the elastic fibres of the fibro-vascular tissue seem to keep the elongated 
cells and vessels pervious, and when the elaborated sap is conveyed 
continuously without interruption, anastomosing tubes occur in the 
form of laticiferous vessels. 

Tabular Arrangement of Vegetable Tissues. 

A. — Cellular Tissue (Parenchyma), composed of membrane, or of membrane and fibre, 

having the form of vesicles whose length does not greatly exceed their 
breadth. 

1. Membranous Cellular Tissue ; cells formed by membrane alone, of various thick- 

ness, but without markings on it 

2. Porous Cellular Tissue; cells formed by membrane, which has been unequally 

thickened in such a way as to leave rounded depressions at regular in- 
tervals. 

3. Fibrous Cellular Tissue (fnenchyma) ; cells formed by membrane and fibre ; 

occasionally formed by libre alone. 

a. Spiral Cells, with a complete spiral fibre inside. 

b. Dotted Cells, with opaque spots, which are isolated portions of fibre. 

B. — Vascular or Tubular Tissue (Angienchyma), composed of cylindrical tubes, which 

are more or less continuous, and usually overlap each other, or are united 
by broad oblique extremities. 

I. Membranous Vascular Tissue; tubes formed by mfembrane alone, of various 
thickness, but wdthout markings on it. 

1. Ligneous Tissue (Pleurenchyma), composed of fusiform tubes with thickened 

walls. 

2. Laticiferous Tissue (Cinenchyma), composed of tubas which anastomose, often 

present irregular dilatations, and convey a peculiar fiuid, called Latex. 
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IL Porous Vascular Tissue ; tubes formed by membrane, which becomes thickened 
by spiral deposits, in such a way as to leave rounded depressions at re- 
gular intervals. 

1, Vasiform Tissue, or Porous vessels (Bothrenchyma or Taphrenchyma) ; large 

tubes, usually ending in broad extremities, with pits or circular markings / 
on their walls. This tissue sometimes exhibits contractions at regular* 
intervals, as if formed of porous cells laid end to end, and then is called 
Moniliform, or Beaded (Articulated Bothrenchyma). 

2. Punctated Tissue (Glandular Woody Tissue) ; fusiform woody tubes, with 

depressions and markings on their walls^ presenting the appearance either 
of a single or double circular disc/ 

III. Fibro- Vascular Tissue, composed of tubes in which the thickening matter is 
deposited in the form of spiral fibres, rings, bars, or dots. 

a. Perfect Fibro- Vascular Tissue, composed of tubes, in which there is a com- 

plete spiral fibre. 

1. Spiral Vessels (Trachea?, Trachenchyma), in which the spiral fibre is elastic, 

and may be unrolled. 

2. Closed Spiral vessels, or closed Tracheae, in wliich the spiral fibre is brittle, 

or its coils so united to each other, and to the membrane, that they cannot 
be unrolled. Jr 

b. Imperfect Fibro- Vascular Tissue, composed of tubes marked by rings, lines, 

or dots, but without a complete fibre inside. 

1. Annular Vessels or Ducts, having fibres in the form of detached rings, 

which are occasion all} 7 united by portions of fibre. 

2. Reticulated Vessels, having fibres which cross each other, or are disposed 

so irregularly as to form a net-work. 

3. Scalariform Vessels, having their walls marked by isolated portions of fibre 

in the form of ladder-like bars. 

4. Dotted Vessels, having tlieir walls marked by isolated portions of fibre in 

the form of opaque dots or points. 

Any of the, vessels included under the Fibro-vaxular tissue, may exhibit contrac- 
tions at regular intervals, so as to become moniliform. 


, CHAPTER II. 

COMPOUND ORGANS FORMED BY THE TISSUES. 

43. Some plants consist of cells only, which continue throughout 
life to produce new cells, and to perform all the vital functions. The 
great mass of flowering plants, however, although originally cellular, 
produce organs composed of cells and vessels variously arranged, and 
covered by an epidermis. These compound Organs may be divided 
into Nutritive, or those concerned in the nourishment of the plant ; 
and Reproductive, or those which are employed in the production of 
new individuals. The former consist of the stem, root, and leaves ; 
the latter, of the flower and fruit. 
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SECTION I.— ORGANS OF NUTRITION OR VEGETATION. 

1. — Structure, Arrangement, and Special Functions. 

44. Under this head will be considered the tissues of which the 
various nutritive organs are composed, the mode in which the parts 
are arranged, and the particular function which each of the organs 
performs. 

GENERAL INTEGUMENT. 

45. General integument is the name given to the external cellular 

covering of plants. It can be s 

easily detached from young 

leaves and stems, usually in — i\TT \ 7 — \ — 

the form of a colourless trans ~ p-C\j \ / \ j TW \ /I 

parent membrane. By pro- I \ / L J prh f rv ] 

longed maceration it has been ) 1 I f 0,1 (JNf rH 

shown to consist frequently of ( M PI j \ / \ / \ / 

two layers ; a superficial, called /I \ I \ij Y-pL W \ J 

Cuticle or Pellicle (fig. 69 p p), \l YA rA ujj 10. M 

and a deep layer, usually called *Hh — yjj] W ji I \ J 

the Epidermis (fig. 69 e e). \ J \ I \ \ { 

46. Tlie Sapcrflcial Pellicle A / / \ / \ I KH / 

(pellis, skin) is a very thin con- [ \ l W L-/ W M 

tinuous membrane, which is y—X — — Yd-p, 
spread over all phrts except the / \ / V 1 I [ ^ 

openings of the stomata ; in some / J 

cases entering these openings, 68 

and lining the cavities beneath 

them. It is formed from the epidermal cells below * * 

it; Treviranus, Schleidcn, and Payen, considering 

it as a secretion on the outside of the cells, while ; J'*}* 

Mohl and Ilenfrey look upon it as composed of the ^ * 

altered primary walls of the cells. Mitsclierlich (\\ s ^ < 

regards it as a corky substance which preserves j VA * - 

the humidity of the plant, by preventing the Jp Kj U ‘ 

evaporation of moisture. This substance is con- / Jy\, JJ — \ — 
sidered by him to be an important constituent \ ' \ 

of the cell-wall. In fig. 70 the pellicle is repre- | ( Q v / 
sented as detached from the leaf of the cab- \ ( \ 

bage, forming a sheath over the hairs, hhhh , \ J 

and leaving slits, ss, corresponding to the open- : 

ings of th? stomata. The pellicle is perhaps 7 * 

similar to the intercellular substance Surround- 

Fig. 69.— General Integument of a leaf of Iris gemanlca. p p, The Cuticular pelhcle with 
slits,/, lying upon the proper epidermis, ««, formed^of hexagonal cells, and fnrnlsnea wit 

8t Fi 1 g. t 7a— Pellicle of Cabbage, detached by maceration, covering the h**ra. hhhh, and haring 
openings, i *, corresponding to the Btomata. 
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iag cells, and to the definite mucus which is conspicuous in some sea- 
weeds (fig. 29 b ). It is possible that this matter, in place of 
being produced on the outside of cells, may be formed within 
them t and ultimately deposited externally by passing through their 
parietes. On the inner surface of the pellicle the impressions of 
the epidermal cells are sometimes observed (fig. 69 p). The pellicle 
is the only layer of integument which is present in aquatic plants, 
and m some of the lotver tribes. 

47. The Epidermic {(tti, upon, and skin), (fig. 69 e e) ) is ex- 
tended over all the parts of plants exposed to the air, except the 
stigma. The internal cavities of seed- bearing organs are lined by a 
delicate membrane, termed Epithelium. On the extremities of newly- 
torraed roots, the integument consists of loose cells, which are consi- 
dered either as being the ordinary cellular tissue of the plant, or as 
being an imperfectly-formed epidermis, w’hich has received the name 
of Epiblema (ewh upon, and ,3 a npot, w r ound, as being the tissue which 
first covers wounds). This latter kind of tissue occupies the place of 
the epidermis, in the parts of plants which are always under water. 
On the aerial roots of Orchidaceous plants, there is an epidermal 
layer consisting of spiral cells (fig. 23), containing air. 

48. The epidermis is usually formed by a layer or layers of com- 
pressed cells, which assume a more 
or less flattened* tabular shape, 
and have their walls bounded by 
straight or by flexuous lines. Fig. 
69 e e, represents an epidermis 
formed of regular hexagonal cells ; 
fig. 72, one composed of irregular 
hexagons ; while in fig. 71, the 
boundaries of the cells, e, are flexu- 
ous and wavy. The cells of the epi- 
dermis are so intimately united 
together, as to leave no intercellu- 
lar spaces (fig. 74 e e). 

49. The epidermis is sometimes 
thin and soft, at other times dense 
and hard. In the former case it 
may be easily detached from the 
subjacent cells ; in the latter, the cells become thickened by deposits, 
and sometimes the layers are so produced as to leave uncovered spots, 
which communicate with the interior of the cell by canals passing 
through the thickening layers, as in Cycas. In Kochea falcata (fig. 
73), the epidermis, e e, consists of two layers of cells — the outer ones 

Flff, 7].— Epidermis, from lower surface of the leaf of Madder (Rubio tinctorvm). «, Cell of the 
Epidermis. Stoma. 
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large, the inner small. The cells of epidermis are usually filled with 
colourless fluid, but they sometimes contain resinous and other sub- 
stances. Waxy matter is occasionally found in the epidermis, silica is 



met with in the integument of grasses and Equisetums, and carbonate 
of lime in that of Chara. The colour of the epidermis generally de- 
pends on that of the subjacent parenchymatous cells, from which it can' 
be separated as a colourless layer. The epidermal cells are usually 
larger than those of the tissue below them; but sometimes, for instance 
in Ficus elastica, they are smaller. 

50. stomata a mouth) are openings existing between some 

of the cells of the epidermis on parts exposed to the air. They consist 
usually of two semilunar cells surrounding an oval slit or orifice (figs. 
69 s s, 71 s), which have been considered as resembling the lips and 
the orifice of the mouth. Stomata open or close according to the state 
of moisture or dryness in the atmosphere, — these changes depend- 
ing on the hygroscopic character of the cells. By examining, under 
the microscope, thin strips of epidermis in a moist and dry state, 
it will be seen that in the former case the lips are distended, they 
assume a crescentic or arched form, and leave a marked opening 
between them ; while in the latter they collapse, approach each 
other, and close the orifice. 

51. The cells surrounding the openings of stomata are some- 
times numerous, as in Marchantia. In Ceratopteris thalictroides, 
Allman observed stomata formed by three cells; two of which, in 
their open condition, are crescentic and concave inside, while the third 
surrounds them, except at a small space at the end of the long axis of 
the stoma, and has on this account been called peristojnatic (vstf, 
around). In Equisetum, the stomata, which are about ^ of an inch 
in their greatest diameter, consist of four pieces; two of which are 


Fig. 72.— Epidermal layer, from upper surface of a leaf of Ranuncuhu aquatUis when growing 
out of water, e e. Epidermal cells. 8tomata. 

Fig. 73 —Vertical section of lower epidermis of the leaf of Rochta falcata, e e. Double epider- 
mal layer, with very large external ceils, small internal ones, pierced by a stoma, *, which com- 
municates with a lacuna, L p , Parenchyma of the leaf 
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arched and thick at their outer convex margin, becoming thin at their 
inner concave edge, where two other bodies occur, having numerous 
processes like the teeth of a comb, hence called pectinate (pecten, a 
comb). Occasionally the stomatic cells become united, so as to appear 
in the form of an uninterrupted rim ; and at other times the stoma is 
a minute orifice in the walls of a cavity. 

52. Stomata communicate with intercellular spaces (figs. 73 4 5 ), 

the connection being sometimes kept up by means of a funnel-shaped 
prolongation of the cuticle, called, by Gasparrini, a cistoma (wt*, a 
cyst or bag, and ot a mouth). They are scattered over the surface 
of the epidermis in a variable manner. Sometimes they are placed at 
regular intervals corresponding to the union of the epidermal cells 
(fig. 69 s ) ; at other times th§y are scattered without any apparent 
order (figs. 71, 72) ; and in other instances they are united in setB of 
two or three, or in clusters at particular points, as may be seen in 
Begonia, Saxifraga (fig. 75 ss), and Proteaeese. 

53. Stomata occur on the green parts of plants, especially on the 
leaves and their appendages. They are not usually found in cellular 
plants, nor in plants always submerged, nor in pale parasites. This is 




75 


not, however, a universal rule, for stomata have been detected in 
Marchantia and some other Cellulares ; also in the submerged leaves 
of Eriocaulon setaceum, according to Griffith, and in the pale parasite 
Orobanche Eryngii, according to Duchartre. They do not exist in 
roots, nor in plants kept long in darkness so as to be blanched or etio- 
lated, and they are rare or imperfectly developed in succulent plants. 


Fig. 74.— Vertical section of epidermis, from the lower surface of the leaf of Madder showlnc 
the intimate union of the epidermal cells, e e, the loose subjacent parenchyma, with intercel- 
lular canals, m, and lacuna, l. «, Stoma. 

Jig. ^Ar-Epidermls of leaf ofSaxffraga sarmentosa, showing clusters of stomata, surrounded 

by large epidermal cells, e e. The cells among which the stomata occur are very small 
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54. Stomata vary in their form. 

The oval form is very common, and 
may be easily seen in Liliaceous 
plants ; the spherical occurs in On- 
cidium altissimum and the Prim- 
rose, the quadrangular in Yucca 
and Agave. In the Oleander, in 
place of stomata, there are cavities 
in the epidermis protected by hairs 
(fig. 76 *). 

55. The development of stomata has been traced by Mirbel and 
Mold. In the Hyacinthus orientalis, they appear first between the 
epidermal cells in the form of quadrangular spaces containing granular 
matter, which gradually collects towards the centre, where a septum 
or partition is formed. This septum ultimately splits, leaving a slit 
or opening which constitutes the stoma. Mohl has traced this process 
throughout the same leaf in different stages of growth. In Mar- 
chantia, Mirbel found several tiers of cells forming the stoma, and he 
supposed that the opening was produced by the absorption of a cen- 
tral cell, leaving the others to form the rim or border. 

56. The number of stomata varies in different parts of plants. They 
are most abundant on the under surface of leaves exposed to the air, 
and are often entirely wanting on the upper surface, more especially 
when it has a dense shining cuticle. In floating leaves the stomata, 
when present, are on the upper surface only. When plants usually 
under water are made to grow for some time in the air, their leaves 
exhibit stomata. When leaves grow vertically, the stomata are often 
equal in number on both sides. The number of stomata varies from 
a few hundreds to many thousands on a surface of one inch square. 
The following table exhibits the number of stomata in the leaves of a 
few plants : — 



STOMATA IN ONE INCH SQUARE. 


Upper side. 

Mistleto, 200 

Tradescantia, 2,000 

Kheum palmatum, 1,000 

Cnnum amabile, 20,000 

Aloe, 25,000 

Clove-pink, 38,500 

Yucca, 40,000 

Mezereon, None. 

Laeony, None. 


Under ride. 
200 
2,000 

40.000 

20.000 
20,000 
38,500 

40.000 
4,000 

13.000 


Fig. 76.— Vertical section of lower epidermis of the leaf of AWum Oleander, e, Epidermis 
composed of several layers of cells, p, Parenchyma of the leal s. Cavity fiilcd w ith hairs which 
may represent a stoma. 
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Upper side. Undo- side. 


Vine, None. 13,600 

Holly, None 63,600 

Cherry-laurel, None. 90,000 

Lilac, Few 160,000 


57. Appcadages of the Epidermii, or Appendicular Organs. — 

The epidermis frequently exhibits projections or papillae on its surface, 
in consequence of some cells being enlarged in an outward direction 
(fig- 73 e e). When these assume an elongated or conical form they 
constitute hairs (p'ili or villi), as seen in (fig. 77 h h h). 

Hairs, then, are composed of one or more transparent delicate cells 
proceeding from the epidermis, and covered with the cuticle (fig. 70). 
They are erect (fig. 78 a), or oblique, or they lie parallel to the sur- 
face, and are appressed. Sometimes they are formed of a single cell, 
which is simple and undivided (fig. 78 a), or forked (fig. 78 h), or 
branched (fig. 78 c ) ; at other times they are composed of many cells 
either placed end to end, as in moniliform or neck-lace-like hairs (fig. 



79), or uuited together laterally, and gradually forming a cone, as in 
compound hairs (fig. 80), or branched (fig. 81). When several hairs 
proceed from a common centre, they become stellate (stella, a star), 
or radiated (fig. 82). The latter arrangement occurs in the hairs of 
the Mallow tribe, and is well seen in those of Deutzia scabra, Whqp 
stellate hairs are placed closely together, so as to form a sort of mem- 


Fig. 77.— Young root of Madder, showing cellular processes, hhh, equivalent to hairs. Tbo 
epidermal cells which are not elongated. 

Fig. 78.— Hairs formed by single cells of the epidermis, a a, Simple hair. Bifurcated hair 
of Sisymbrium Sophia c, Branched hair of Arabis alpina. 

Mgs. 78-82.— Compound hairs formed by the union erf several cells. «, Epidermis. 79, Monili- 
form hair, from Lychnis chalcedonica. 
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branous expansion (fig. 83), a scale or scurf is produced. To such ex- 
pansions of the epidermis the name lepis a scale), is applied, and 

the surface is said to be lepidote. These scales have sometimes a beau- 



tiful silvery appearance, as in Elscagnus. Surrounding the base of 
the leaves of Ferns, a brown chaffy substance occurs, consisting of 
elongated cells, to which the name of 
ramentaceous hairs , or, ramenta ( ramen - 
turn , a shaving), has been given. In 
Palms also a similar substance occurs, V \V ( 
called reticulum ( reticulum , a net), or 
mattulla ( matta , a mat). Prickles \ 

or aculei, as in the Pose (fig. 191 a), '*-^r* r y 
are hardened hairs connected with the ^ 
epidermis, and differ from spines or ■ \ s ‘ 

thorns, which have a deeper origin. >> J ! 

Seta are bristles or stiff hairs, and the . iV 

surfaces on which they occur are said 
to be setose or setaceous. Some hairs, as those of Drosera, or sundew, 
have one or more spiral fibres in their interior. 

58. Various names have been given to the different forms of hairs: 
they are clavate or club-shaped ( clava , a club), gradually* expanding 
from the base to their apex ; capitate, having a distinct rounded head ; 
rough or scabrous , with slight projections on their surface ; hooked or 
uncinate ( uncus , a hook), with a hook at their apex pointing down- 
wards and to one side *, barbed or glochidiate (yTuy^/s, a barb), with 
two or more hooks around the apex ; shield-like or peltate (pelta, a 
buckler), when attached by their middle, and projecting horizontal!/ 



Fig. 80 —Partitioned, nnbranched hair, from stem of Bryonia alba 81. Partitioned, branched 
hair, from flower of Nicandra anomala. 82 Stellate or star-like hair, from leal uf Alllicea rosea. 
Fig. 83.— Scale or scaly hair, from leaf of HippopliatS rhamnoidea. 
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on either side (fig. 84), as in many cruciferous plants; ciliated ( cUium, 
an eye-lash), when surrounding the 
margin of leaves. On the pod of 
the Cowitch (Mucvnapruriens ), hairs 
are produced with projections on 
their surface, which cause great ir- 
ritation when applied to the skin. In Venus’ Fly-trap (Dioncea 
tnvscipula ), stiff hairs exist on the blades of the leaf (fig. 186 6), which, 
when touched, cause their closure. 

59. Hairs occur on various parts of plants; as the stem, leaves, 
flowers, seed-vessels and seeds, and even in the interior* of vessels. 
Cotton is the hair surrounding the seeds of Gossypium herbaceum. 
Hairs are developed occasionally to a great extent on plants exposed to 
elevated temperatures, as well as on those growing on lofty mountains. 
When occurring on the organs of reproduction, they seem to be con- 
nected with fertilization, as the hairs on the style of Goldfussia or 
Ruellia, and the retractile hairs of Campanula. Different parts of 
plants are transformed into hairs ; as may be seen in the flowering 
stalks of Rhus Cotinus, and in the calyx of Compositae. 

60. Names are given to the surfaces of plants according to the 
presence or absence of hairs, as well as the nature of the hairs which 
cover them. The following are the more important terms : — Glabrous, 
smooth, having no hairs; hairy ( pilosus ), furnished with hairs; 
pubescent, covered with soft, short, downy hairs ; viltous , having long, 
weak, often oblique hairs ; sericeous, covered with long, closely ap- 
pressed hairs, having a silky lustre ; hispid ( hispidus , hirtus ); covered 
with long stiff hairs not appressed ; hirsute , having long tolerably dis- 
tinct hairs, not stiff nor appressed ; velvety , ( velutinus ), with a dense 
covering of short down, like velvet; tomentose , covered with crisp, 
rather rigid, entangled hairs like cotton, which form a sort of felt 
( tomentum ); woolly, with long curled and matted hairs like wool; 
bearded or stupose, (o-tw y, tow), when hairs occur in small tufts. 

61. The hairs which are most frequently met with in plants are 
called lymphatic, from their not being connected with any peculiar 
secretion. Those, on the other hand, which have secreting cells at 
their base or apex, are denominated glandular , and are not to be dis- 
tinguished from glands, under which therefore they will be considered. 
Lymphatic hairs occur on parts exposed to the air, and are wanting 
in blanched plants. On young roots, cellular projections of the cuticle 
are seen (fig. 77), which may be called radical hairs. Young leaves 
and buds are frequently thickly covered with protecting hairs. In 
this instance the hairs arise chiefly from the veins ; and as the leaves 
increase in size, and the veins are separated, the hairs become scattered, 

Fig. 84.— Peltate hair of Malpighla, p p, arising from epidermis, e. g t The gland which com- 
municates with the hair. 
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and apparently less abundant. On the parts of the flower, coloured 
hairs occur which have been called corolline. 

62 . &landt are collections of cells forming secretions. The term 
has been vaguely applied to all excrescences occurring on the surfaces 
of plants. They are either stalked ( petiolate ) stipitate) or not stalked 
(sessile). The former 
may be called glandular 
hairs, having the secret- 
ing cells at the apex. 

Stalked glands, or glan- 
dular hairs, are either 
composed of a single 
cell, with a dilatation at 
the apex (fig. 85 a), or 
of several cells united 
together, the upper one 
being the secreting or- 
gan (fig. 85 b). In place 
of a single terminating 
secreting cell, there are occasionally two (fig. 85 c) or more (fig. 85 d). 
Hairs sometimes serve as ducts through which the 
secretion of glands is discharged ; these are glandular 
hairs, with the secreting cells at the base. Such hairs 
are seen in the nettle (fig. 86), in Loasa or Chili 
nettle, and in Malpighia (fig. 84), and are commonly 
called stings. In the nettle they are formed of a 
single conical cell, dilated at its base (fig. 86 b ), and closed 
at first at the apex, by a small globular button placed 
obliquely (fig. 86 s). This button breaks off on the 
slightest touch, when the sharp extremity of the hair 
enters the skin, and pours into the wound the irritating 
fluid which has been pressed out from the elastic epider- 
mal cells at the base. When a nettle is grasped with 
violence, the sting is fractured, and hence no injury is 
done to the skin. The globular apex of glandular hairs 
sometimes forms a viscid secretion, as in the Chinese 
primrose and sundew. The hairs of the latter plant, by 
this secretion, detain insects which happen to alight on 
them. 


Fig 85.— Glandular hairs, e, Epidermis, a, Hair formed hy a single cell from Sisymbrium 
chilense. ft, Han*s formed of several cells terminated by a secreting cell, from flower-stalk of 
Antirrhinum mujus. c, Hair composed of several ceils, terminated by two secreting cells united 
laterally, from flower-stalk of Lysimachia vulgaris, rf, Compound hair, terminated by several 
secreting cells united end to end, from Geum tubanum. 

Fig 86.— Conical hair of Ui tica dioica, or common nettle, ending in a button or swelling s, 
with a dilatation or bulb at its base ft, which is bui rounded by epidermal cells u e. In the hair 
are currents of granular matter//, 
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68. When glands are sessile, they consist of epidermal cells either 
surrounding a cavity, or enclosing small secreting cells. In fig. 87, 
is represented a gland taken from the flower-stalk of Dictamnus 
albus, cut vertically, to show the cavity surrounded by cells, and filled 
with a greenish oil ; while in fig. 88, there is a gland with a short 
thick stalk, full of cells, taken from Rosa centi- 
n folia. These figures show the transition from 

tj sessile to stalked glands. Some of the super- 

ficial cells of the epidermis are sometimes slightly 
hr- elevated above the rest, and contain peculiar 

fg l fluids. In the Ice-plant, the appearance of 

jjjj small pieces of ice on the surface is produced 

,gy ga by cells containing a clear fluid, which is said to 
6 e have an alkaline reaction, while that of the tis- 

88 sue around the vesicles is acid ; in the Chick- 
pea, similar superficial cells contain a subacid fluid. Glandular depres- 
sions or pits occur, surrounded by secreting cells. At the base of the 
petals of the Crown-imperial, for instance, cavities are seen containing 
a honey-like fluid, secreted by what are called nectariferous glands. 
Cavities containing saccharine matter, surrounded by small thin-walled 
cells, are met with in the leaves of Acacia longifolia, also in Vibur- 
num Tinus, and Clerodendron fragrans. The cavities communicate 
with the surface of the leaves by means of canals. 

Glands are occasionally sunk in the epidermis, so as merely to have 
the apex projecting ; at other times they lie below the epidermal cells, 
as i n the Myrtle, Orange, St. John’s-wort, and Rue. 

1 *V'0^ ' •' 1° the latter case they are sometimes called vesicular, 

U an ^ are ^ cells surrounding cavities contain- 

ing oil (fig. 89). When they occur in the leaves, 
they give rise, when viewed by transmitted light, to 
• the appearance of transparent points or dots. Fer- 

^ races, or warts, are collections of thickened cells on 

89 the surface of plants, assuming a rounded form, and 

containing starch or other matters. Lenticels , or Lenticular glands, are 
cellular projections on the surface of the bark, arising from its inner 
part. 

64. TJbe Special Function* of the Epidermis and its appendages, 
are to protect the parts beneath from various atmospheric and meteoro- 
logical influences. In plants growing in dry climates, the epidermis 


Fig, 87.— Gland from flower-stalk of Dictamnus albus. cut vertically, showing central cavity l, 
filled with greenish til, ami surrounded by a layer of cells c, which contain a red juice, and are 
connected with the epidennU e. 

Fig 88 —Gland fiom Kosa centifolla e, The epidermis. 

Fig. 89.— Vesicular gland from leuta graveolens, or Common Rue. g, Gland formed by large 
transparent cells, surrounding a central lacuna, l e , Epidermis from upper surface of the leu£ 
• c, ti c, Cells filled with Chlorophylle. 
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is often very thick, and coated with a waxy secretion, to prevent too 
great transpiration or exudation of fluids. In those which inhabit 
humid places, the epidermis is thin and absorbent ; while in submerged 
aquatics, there is no proper epidermal covering. The stomata regulate 
the transpiration, opening and closing according to the state of humid- 
ity and dryness of the atmosphere surrounding them. When a plant 
is growing vigorously, the constant passage of fluids keeps the regu- 
lating cells around the stomata in a distended state, and thus opens 
the orifice ; whereas, when the circulation is languid and the fluids are 
exhausted, the cells collapse and close the opening. The opinion that 
the succulency of plants is a sort of dropsical condition, caused by the 
absence of stomata to carry off the fluids, has not been confirmed by 
observation. Hairs, according to their structure, serve various pur- 
poses. Lymphatic hairs protect the surface, and regulate evaporation. 
Plants thickly covered with hairs, as VerbascumThapsus, have been 
known to resist well an extended period of drought. Glandular hairs, 
and glands in general, form secretions which are employed in the 
economy of vegetation, or are thrown off as excretions no longer fitted 
for the use of the plant itself. Many of these secretions constitute 
important articles of materia medica. Lenticels keep up a connection 
between the air and the inner bark, and probably perform the func- 
tion of stomata in the advanced period of the growth of the plant. 
They are considered, by Decandolle and others, as being the points 
where youDg roots are produced in certain circumstances, and on that 
account they have been called Rhizogens (pi£*> a root, and yewocuy, to 
produce). They are conspicuous in Willows, the young branches of 
which form roots very readily when placed in moist soil. Some hairs 
occurring on the style of plants are called collecting hairs, from the 
functions which they perform in taking up the pollen. In the species 
of Campanula, these hairs are so formed, that after the pollen has been 
discharged, their upper part is drawn within the lower. In many 
hairs a circulation of fluids takes place, connected ^apparently with 
their nutrition and development (fig. 8 G). In the moniliform purple 
hairs on the stamens of Tradescantia, or Spiderwort, this movement 
may be easily seen under the microscope. The subject of the circula- 
tion in hairs will be considered under Rotation (p. 189 . 

« 

STEM OR ASCENDING AXIS# 

Forms of Stems. 

65. The stem is that part of a plant which bears the leaves and 
flowers. It receives the name of Caulis in ordinary herbaceous plants 
which do not form a woody stem, Truncus in trees, Caudex in shrubs, 
Calm in grasses, and Stipe in Palms and Ferns. It is not always con- 
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spicuous, Plants with a distinct stem are called caulescent ; thoie in 
which it is inconspicuous are acaules. Some plants are truly stem- 
less, and consist only of expansions of cellular tissue, called a Thallm , 
and hence are denominated Thallogens , or Thallophytes a frond, 

ytvvauv, to produce, <pv to*, a plant). They have no true vascular sys- 
tem, but are composed of cells of various sizes, which sometimes assume 
an elongated tubular form, as in Chara. The cells are sometimes 
united in one or several rows, forming simple filaments, as in Con- 
fervas ; or branched and interlaced filaments, as in some Fungi ; or 
membranous expansions, as in Lichens and sea-weeds. 

66. Stems have usually considerable firmness and solidity, but 
sometimes they are weak, and either lie prostrate on the grgund, thus 
becoming procumbent , or climb on plants and rocks by means df suckers 
like the Ivy, being then called scandent , or twist round other plants in 
a spiral manner like Woodbine, becoming volubile. Twining plants turn 
either from right to left, as the French bean, Convolvulus, Passion- 
flower, and Dodder ; or from left to right, as Honeysuckle, Hop, and 
Tamus. Bryony tendrils twine from right to left, and left to right, 
alternately. In warm climates, twining plants ( lianas ) often form 
thick woody stems; while in temperate regions they are generally 
herbaceous. Exceptions, however, occur in the case of the Clematis, 
Honeysuckle, and Vine, the woody stems of which have received the 
name of Sarmentum ( sarmentum , a twig, or cutting of a vine). Some 
stems are developed more in diameter than in height, and present a 
peculiar shortened and thickened aspect, as Testudinaxia, or Tortoise- 
plant, and Cyclamen. 

67. Stems have a provision for a symmetrical arrangement of leaves 
and bran ches,— wocfos {nodus, a knot), or points whence leaf- buds are 
produced, being placed at Regular intervals. No such provision occurs 
in roots which ramify irregularly, according to the nature of the soil. 
The intervals between nodes are called internodes. The-mode in which 
branches come ^>ff from the nodes, gives rise to various forms of trees, 
such as pyramidal, spreading, or weeping; the angles formed with 
the stem being more or less acute or oblique. In the Italian Poplei 
and Cypress the branches are erect, lbrStiing acute angles with the 
upper part of the stem ; in the Oak and Cedar they are spreading or 
patent, forming nearly a right angle ; in the weeping Ash and Elm 
they come ofF at an oblique angle ; while in the weeping Willow and 
Birch, they are pendulous from their flexibility. The comparative 
length of the upper and under branches, also gives rise to differences 
in the contour of trees, as seen in the conical form of Spruce, and the 
umbrella' like form of the Italian Pine {Pirns Pima), 

68. Plants which form permanent woody stems above ground, are 
denominated trees and shrubs , while those in which the stems die 
down to the ground, and are not persistent, are called herbs . The 
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term tree (arbor) is applied to those plants which have woody stemi 
many times exceeding the height of a man, the lower part free from 
branches being the trunk : a shrub (frutex ) has a stem about three 
times taller than a man, and branches frotn near the base : an mcler- 
shrub (mffrutex) does not exceed the length of the arm ; while a bush 
(i dumus ) is a low- diminutive shrub, with numerous branches near the 
base. The terms arborescent , fruticose , evffruticose , and dumose , are 
derived from these. 

69. Stems have usually a round form ; but they are sometimes com- 
pressed or flattened laterally, while at other times they are angular : 
being triangular , with three angles and three flat faces; trigonous 
(rfits, three, and yavict, an angle), with three convex faces ; triquetrous 
(i triquetrum , a triangle), with three concave faces; quadrangular , or 
square ; quinquangular , or five-angled ; octangular , or eight-angled, &c. 

70. The stem has been called the ascending axis , from being developed 
in an upward direction. It does not, however, always ascend into the 
air ; and hence stems have been divided into aerial , or stems which 
appear wholly or partially above ground ; and subterranean , or those 
which are entirely under ground. The latter are often called roots, 
but they are distinguished by producing leaf-buds at regular intervals. 
The following are some of the more important modifications of stems: — 
The Crown of the root is a shortened stem, often partially under ground, 
which remains in some plants after the leaves, branches, and flower- 
stalks have withered. In this case the internodes are very short, and 
the nodes are crowded together, so that the plant appears to be stem- 
less. It is seen in perennial 
plants, the leaves of which die 
down to the ground annually. A 
Rhizome or root- stock (fig. 90), 
is a stem which runs along the 
surface of the ground, being 
partially covered by the soil, 
sending out roots from its lower 
side, and leaf-buds from its up- 
per. It occurs in Ferns, tfis, 

Hedychium, &c. By many the 
term rhizome is applied to stems creeping horizontally, whether they 
are altogether or only partially subterranean, A Pseudo-bulb is an 
enlarged bulbous-like aerial stem, common in Orchidaceous plants. It 
is succulent, often contains numerous spiral cells and vessels, and is 
covered with a thick epidermis. In the Kohl-rabi, a peculiar thickened 
turnip-like stem is met with. A Soboles is a creeping under-ground 

Jig. 90. — Portion of Rhizome, r, of ConvaUarla Polygonatum. a, A bud in the progress of de- 
velopment 6, A bud developed as a branch at the extremity of the rhizome, c c, Cicatrices or 
scars. Indicating the situation of old branches which hare decayed. 
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stem, sending roots from one part and leaf-buds from another, as in 
Couch grass, Carex arenaria, and Scirpus lacustris (fig. 91). It is 
often called a creeping root A Tuber is a thickened stem produced 
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by the approximation of the nodes and the swelling of the internodes, 
as in the potato (fig. 92 t). Tubers are sometimes aerial, occupying 
the place of branches, more especially when the potato has been made 


to grow in darkness. 



The eyes of the potato are leaf-buds. The 
ordinary herbaceous stem of the potato, 
when cut into slips and planted, sometimes 
forms branches from its base which assume 
the form of tubers. These tubers occa- 
sionally become nodulated, or elongated, 
or curved in various ways. Arrow-root is 
derived from the scaly tubers of Maranta 
arundinacea. A Corm is a solid under- 
ground stem which does not spread by 
sending out shoots, but remains of a rounded 
form, and is covered by thin scales on the 
outside (fig. 93). It occurs in Colchicum, 
Tulip, Crocus, and Gladiolus. It is distin- 
guished from a root by sending off annually 
buds in the form of small corms or thick- 
ened branches, either from the apex as in 


Fig 91. -Sobolea, or Creeping subterranean stem, r, of Scirpus lacustris. ft, ft, Scaleson the 
stem p a, Aerial portion of the plant. 1 t, Level of the earth. 

Fig. 92.— Lower portion of a potato plant s t, Level of earth, pa, pa. Aerial portion bearing 
leaves, t. Subterranean portion of stem or tubers. T, Tuber showing eyes or leaf-buds, covered 
by scales, 6, which are equivalent to leaves. 

Fig. 93,— Conri or under-ground stem ot Colchicum autumnale. r, Roots /, Leaf cf, Ascend- 
ing axis of preceding year, withered, a", Axis of the year, a!". Point where axis of next year 
A'ould be formed. 



STRUCTURE OF STEMS. 


89 

Gladiolus, or from the side as Colchicum (fig. 93 a"). These buds 
feed on the original corm a', and destroy it. It will be noticed after- 
wards, when leaf-buds and bulbs are considered. 


Internal Structure of Stems. 

71, Stems, according to their structure, have been divided into 
three classes : — Exogenous (Iga, outward, and to produce), 

when the bundles of vascular tissue are produced regularly in succes- 
sion externally, and go on increasing indefinitely in an outward direc- 
tion. Endogenous (hfou, within), when the bundles of vascular tissue 
are produced in definite bundles and converge towards the interior, 
additions being thus in the first instance nrade internally. Acrogenous 
(, , summit), when the vascular bundles are developed at the same 
time and not in succession, the addition to the stem depending on the 
union of the base of the leaves and extension of the growing point or 
summit. The plants which exhibit these three kinds of stem, are 
distinguished also by the structure of their embryo. Thus exogenous 
stems are met with in plants having an embryo or germ which has two 
cotyledons or seed-lobes, hence they are called Dicotyledonous (llg, 
twice, and kotvXy$6>v, a seed-lobe); plants with endogenous stems 
have only one cotyledon, and are called Monocotyledonous {fiovog, one) ; 
while plants with acrogenous sterns have no cotyledons, and are called 
Acotyledonous («, privative). The terms connected with the embryo 
will be afterwards fully explained. 


Exogenous or Dicotyledonous Stem. 

72. The Exogenous or Dicotyledonous stem characterizes the trees 
of this country. It consists v> r n u> n 

of a cellular and vascular 
system : the former includ- 
ing the outer bark, medul- 
lary rays, and pith ; the 
latter, the inner bark, woody 
layers, andmedullary sheath. 

In the early stage of growth, 
the young dicotyledonous 
stem is entirely cellular ; 
but ere long fusiform tubes 
appear, forming bundles, having the appearance of wedges (fig. 94 



94.— Young Dicotyledonous or Exogenous stem, tr to, Vascular bundles In the form of 
sedges, p. Pith, rrr, Medullary rays. 

fig. 96.— Same stem further advanced ; the letter* as in fig. 94, « n n, new vascular wedge* 
interposed between those first formed. 
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ww) arranged in a circle round a central cellular mass of pith (fig. 94 p\ 
which is connected to the outer part or bark , by means of cellular pro- 
cesses called medullary rays (fig. 94 r r r). At first, the cellular portion 
is large, — the pith, bark, and rays occupying a large portion of 
the stem ; but by degrees new vascular bundles are formed, which 
are deposited between the previous ones (fig. 95 nnn). By this 
means the pith is more circumscribed, the medullary rays become 
narrow, and the bark more defined. Such is the structure presented 
by an annual herbaceous dicotyledonous stem, consist^ of pith, a 
circle of fibro-vascular and woody tissue, medullary rays, bark, and 
epidermis. 

73. The stems of trees and shrubs in their young state exhibit an 
arrangement similar to that’represented as occurring in the herbaceous 
stem (fig. 95), with this difference, that the vascular circle is more 


firm and solid. As ligneous stems continue to grow, further changes 
take place by which their diameter is increased, and they are rendered 
more dense. The shoots or young branches given out annually, how- 
ever, are similar in structure to annual herbaceous stems ; and in 
making successive sections from the apex of a branch, which is succu- 
lent and green, to the base of a trunk, which is comparatively dry and 
hard, the various changes which take place can be easily traced. 
Fig. 9G represents a thin horizontal or transverse section of the upper 
part of a young branch of Acer campestre. In the centre, in, is the 
pith, very large at this period of growth, and occupying at least one- 
half of the whole diameter, its cells diminishing in size as they approach 
the circumference. Immediately surrounding the pith is a layer of a 

greenish hue, the medullary sheath, 
^ € m, from which themedullary rays 

an r in proceed towards the circum- 
J'h ference, dividing the vascular circle 


1 ^ cellular tissue, c, called 

cambium layer, which is co- 
^ verec * by three layers of bark, /c, ec , 
and p, with laticiferous vessels, v L, 
m the whole being enclosed by the 

epidermis, e p. On making a thin 
Vertical section of a portion of the same branch, and viewing it under 


? yopflff «tem of Acer campestTe, magnified twenty-*}* diameter* 
wi, lath, t m, € in, Medtillary sheath, fb y fb, Woody bundles, v j>. Porous vessels, r ni Medul 
lary rays, c, Cvimbtura. /<•, Fibre. 0 f tndophteum. , Latic fennu vcS. H lE 
“Wlope, Heaophtoum. p, Corky envelope, EpiphUeum. ep, Eplilwmla ' WU ““ 
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the microscope, the parts composing the different portions becotiae'mor? 
obvious (fig. 97 a). The 
pith, m, with its hexagonal 
cells decreasing in size out- 
wards, surrounded by a nar- 
row fibro- vascular zone ; the ri; „ . 
medullary sheath, consisting ]f' i 

chiefly of spiral vessels, t ; 
the medullary ray, r m ; the J “ 11 

vascular zone, consisting 
of porous vessels, v p , of C"’ 
large diameter, and forming 
the large round apertures : r \ 
seen in a transverse section ; 
the woody fibres, / Z, with 
their thick walls and smaller apertures ; the inner bark or liber, f c , 
with the layer of cambium cells, c ; the second layer of bark, or the 
cellular envelope, e c, with the laticiferous vessels, v l ; the outer or 
suberous layer of bark, p , with the thin layer of epidermis, e p ) hav- 
ing hairs scattered over its surface. A transverse section of a bundle 
of vascular tissue of a dicotyledonous plant, magnified 230 times, is 
represented in fig. 97 b. The arrow 
indicates the direction from within out- 
wards. We here perceive the vascular 
bundle surrounded by a large-celled 
tissue (a d b /). The quadrangular 
cells, a «, form the epidermis, to which 
succeeds the cellular tissue of the 
bark, b. The latter surrounds a 
bundle of bast fibres, c, and ligneous 
layers of inner bark, with laticiferous 
vessels, d d, which are separated in the 
direction towards the interior, by a 
layer of cambium cells, d'\ from the 
proper vascular tissue, consisting of 
pitted vessels with thick walls, g g, and 97 6 

others with thin walls, A A, mixed with woody tubes, t. 

74. Such is the structure of a young shoot during the first year of 
its growth. At the end of a second year the shoot is found to have 
increased in diameter by the formation of a zone of vessels consisting 
of porous and woody tissue, and a zone of fibrous bark, the medullary 



Fig. 97 a . — Vertical section of the same stem more highly magniGed. t, Trachece or Bpira! 
vessels fl, fl,fl. Woody fibres. The other letters ns in fig. 9(5 
Fig. 97 o . — Tmnsversp section of a bundle of vascular tissue of a Dicotyledonous plant, a d, 
Epidermis, b. Large celled tissue of hark, c. Fibres of bast luytr d , d\ Woody layers and lati- 
citcrous vessels of inner bark, d", Cambium cells, gg, and hh, Large pitted \essels. e. Woody 
tubes. f t Large cells. 
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rays being at the same time continued from within outwards. This is 
represented in fig. 98, where (1,1) indicates the section of the stem 



of the first year’s growth (the letters referring to the same parts as in 
figs. 96, 97); and (2) shows the interposed zones of the second year, 
by which the diameter of the stem is increased. 

75. Th© Pith, or the central part of a dicotyledonous stem, is com- 
posed of cellular tissue, which is developed in an upward direction, 
the cells diminishing in size towards the circumference, and being 
often hexagonal. In the young plant it occupies a large portion of 
the stem, and sends cellular processes outwards at regular intervals 
to join the medullary rays (figs. 94, 95, p). The pith has at first b 
greenish hue, and is full of fluid, but in process of time it becomes 
pale-coloured, dry, and full of air. These changes take place first in 
the central cells. Sometimes the pith is broken up into cavities, which 
have a regular arrangement, as in the Walnut and the Jessamine ; it 
is then called discoid or disciform (h'oxog, a disc, from the circular par- 
titions). At other times, by the rapid growth of the outer part of the 
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stem, the pith is ruptured irregularly, and forms large cavities, as in 
the fistular stem of Umbelliferous plants. Circumscribed cavities in 
the internal cellular portions of stems are by no means unfrequent, 
arising either from rupture or absorption of the cells. In some rare 
instances, vessels occur in pith, as in Elder, Pitcher-plant, and Ferula; 
and occasionally its cells are marked by pores indicating the formation 
of secondary deposits. The extent of pith varies in different plants, 
and in different parts of the same plant. In Ebony it is small, while 
m the Elder it is large. In the Shola plant, a species of iEschyno- 
mene, the interior of the stem is occupied almost entirely by cellular 
tissue or pith ; from this a kind of rice-paper is made by cutting 
thin sections in a circular manner. The same kind of tissue occurs in 
the Papyrus of the Nile. Large pith is also seen in Aralia papyrifera, 
or Chinese Pice-paper plant. When the woody circle of the first year 
is completed, the pith remains stationary as regards its size, retaining 
its dimensions even in old trunks, and never becoming obliterated. 

7 G. The medullary Sheath is the fibro-vascular layer immediately 
surrounding the pitli. It forms the inner layer of the vascular bundle 
of the first year (tig. 97 t) y and consists chiefly of true spiral vessels, 
which continue to exercise their functions during the life of the plant, 
and which extend into the leaves. With the spiral vessels there are a 
few woody fibres intermingled. The processes from the pith are pro- 
longed into the medullary rays between the vessels of the sheath. 

77. Woody 1 ( 0 yer*. During the first year, the vascular circle con- 
sists of an internal layer of spiral vessels forming the medullary sheath, 
and external bundles of porous and ligneous vessels. In subsequent 
years the layer of spiral vessels is not repeated, but concentric zones 
of porous vessels (fig. 98 ter .), and pleurenchyma are formed, consti- 
tuting what are commonly called the woody circles of trees. The 
vascular bundles, from their mode of development in an indefinite 
manner externally, have been called Exogenous; and, for the same 
reason, Schleiden has denominated them Indefinite . Exogenous plants 
have sometimes received the name of Cyclogens (xvtCho^ a circle), 
in consequence of exhibiting concentric circles in their stems. On 
a transverse section, each zone or circle is usually seen to be separated 
from that next to it by a well-marked line of demarcation. This line, 
as in the Oak (figs. 99, 100), and in the Ash, is indicated by holes 
which are the openings of large porous vessels ; the remainder of the 
tissue in the circle being formed by pleurenchyma, with thickened* 
walls and of smaller calibre. In some trees, as the Lime, Hornbeam, 
and Maple, the line is by no means so well marked, as the openings 
are smaller and more generally diffused ; but there is usually a de- 
ficiency of porous vessels towards the outer part of the circle. In 
cone-bearing plants, as the Fir, in which the woody layers consist 
entirely of punctated woody tissue (fig. 47), without any large porous 
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vessels, the line of separation is marked by the pleurenchyma becoming 

dense and often coloured. In some 
kinds of wood, as Sumach, the zones 
are separated by a marked develop* 
ment of cellular tissue. The separation 
between the zones is said to be owing 
to the interruption in the growth of the 
tree during autumn and winter, and 
hence it is well defined in trees of tem- 
perate and cold climates. But even in 
tropical trees, the lines, although often 
inconspicuous, are still visible ; the dry 
season, during which many of them 
lose their leaves, being their season of 
repose. 

78. The woody layers vary in their texture at different periods. At 
first the vessels are pervious and full of fluid, but by degrees thicken- 
ing layers are deposited which contract their canal, and sometimes 

obliterate it. The first- 
formed layers are those 
which soonest become thus 
altered. In old trees, there 
is a marked division be- 
tween the central Heart- 
wood or Duramen ( durus , 
hard), and the external 
Sap-wood or Alburnum 
( albus , white) ; the former 
being hard and dense, and 
iw often coloured, with its 

tubes dry and thickened ; while the latter is less dense, is of a pale 
colour, and has its tubes permeable by fluids. The difference of colour 
between these two kinds of woods is often very visible. In the Ebony 
tree, the duramen or perfect-wood, is black, and is the part used for 
furniture, &c. ; the alburnum is pale : in the Beech, the heart-wood 
is light-brown : in the Oak, deep-brown : in J udas tree, yellow ; in 
Guaiacum, greenish. The alteration in colour is frequent in tropical 
trees. In those of temperate climates, called white-wood , as the Willow 

Fig. 99. —Horizontal section of the stern of an oak eight years old, b , Wood, showing concen- 
tric circles or zones, separated by points which conespoim to the opening of the Iaige porous 
vessels, or Bothrenchyma. e. Bark, showing also eight concentric circles, thinner and less dis- 
tinct The wood and bark are traversed by medullai y rays, some of which extend from the bark 
to the pith, and others reach only a certain way inwards. 

Fig. 100.— Horizontal section of two woody bundles of Cork oak, separated from each other 
by the medullary ray, r m'. The two primary bundles are divided by secondary rays, r m", 
r m'"\ which vary in extent according to the period when they originated, m, f*ith. e c, 
Cellular envelope, p, Corky envelope, which is highly developed and exhibit# several layers. 
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and Poplar, no change in colour takes place ; this is also the case in 
the Chestnut and Bombax. The relative proportion of alburnum and 
duramen differs in different trees. Duhamel says that in the oak, six 
inches in diameter, the alburnum and duramen are of equal extent ; 
in a trunk one foot in diameter, they are as two to seven ; in a trunk 
two feet in diameter, as one to nine. The heart-wood is more useful 
than the sap-wood, and less liable to decay. The wood of different 
trees varies much in its durability. Pieces of wood, 2§ inches square, 
were buried to the depth of one inch in the ground, and decayed in 
the following order : — Lime, American Birch, Alder, and Aspen, in 
three years ; Willow, Horse-chestnut, and Plane, in four years ; Maple, 
Red Beech, and Birch, in five years ; Elm, Ash, Hornbeam, and Lom- 
bardy Poplar, in seven years ; Robinia, Oak, Scotch Fir, W eymouth 
Pine, Silver Fir, were decayed to the depth of half an inch in seven 
years; while Larch, common Juniper, Virginian Juniper, and Arbor 
Vitae, were uninjured at the end of that time. 

79. From the mode in which the woody layers are formed, it is 
obvious that each vascular zone is moulded upon that which precedes 
it ; and as in ordinary cases each woody circle is completed in the 
course of one year, it follows, that, by counting the concentric circles, 
the age of a tree may be ascertained. Thus fig. 99 represents an oak 
eight years old having eight woody layers, b. This computation can 
only be made in trees having marked separations between the circles. 
There are, however, many sources of fallacy. In some instances, by 
interruption to growth, several circles may be formed in one year, and 
thus lead to an erroneous estimate. Care must be taken to have a 
complete section from the bark to the pith, for the circles sometimes 
vary in diameter at different parts of their course, and a great error 
might occur from taking only a few rings or circles, and then estimating 
for the whole diameter of the tree. When by the action of severe 
frost, and other causes, injury has been done to the tender cells from 
which the young wood is developed, while, at the same time, the tree 
continues to live, so as to form perfect woody layers in subsequent 
years, the date of the injury may be ascertained by counting the 
number of layers which intervene between the imperfectly formed 
circle and the bark. In 1800, a Juniper was cut down in the forest 
of Fountainbleau, exhibiting near its centre a layer which had been 
affected by frost, and which was covered by ninety-one woody layers, 
showing that this had taken place in the winter of 1709. Inscriptions 
made in the wood become covered, and may be detected in after years 
when a tree is cut down ; so also wires or nails driven into the wood. 
As the same development of woody layers takes place in the branches 
as in the stem of an Exogenous tree, the time when a branch was first 
given off may be computed by counting the circles on the stem and 
branch respectively. If there are fifty circles, for instance, in the trunk, 
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thirty in one branch, and ten in another, then the tree must have been 
twenty years old when it produced the first, and forty when it formed 
the other. 

80. In Exogenous stems the pith is not always in the centre. The 
layers of wood on one side of a tree may be larger than those on the 
other, in consequence of more full exposure to light and air, or the 
nature of the nourishment conveyed, and thus the pith may become 
excentric. Zones vary in size in different kinds of trees, and at different 
periods of a plant’s life. Soft wooded trees have usually broad zones, 
and old trees form smaller zones than young ones. There are certain 
periods of a plant’s life when it seems to grow most vigorously, and to 
form the largest zones. This is said to occur in the oak between twenty 
and thirty years of age. 

81. Cambium. — External to the woody layers, and between them 
and the bark, there is a layer of mucilaginous semifluid matter, which 
is particularly copious in spring, and to which the name of Cambium 
(i cambio , I change, from the alterations that take place in it) has been 
given (figs. 96, 97 c). In tins substance cells are formed, called 
cambium cells, of a delicate texture, in which the protoplasm and 
primary utricle arc conspicuous. These cells undergo changes, so as 
to assume an elongated fusiform shape, and ultimately become thick- 
ened pleurenchyma. So long as the primary utricle can be detected, 
they appear to be in an active st tf e, and capable of developing new 
cells. This cambium layer marks the separation between the wood 
and the bark, and may be regarded as constituting the active forma- 
tive tissue of Dicotyledonous stems. It constitutes the thickening zone , 
by means of which the stem is enlarged — the cambium cells situated 
most internally being subservient to the purposes of the wood forma- 
tion, while the external ones give origin to the new bark. According 
to Schacht this is the proper nourishing tissue. 

82. Bark or Conical [cortex, bark) System, lies external to the wood, 
and, like it, consists of several layers. In the early state it is entirely 
cellular, and is in every respect similar to the pith ; but, as the vascular 
bundles are developed, the bark and pith are separated, and the former 
gradually becomes altered by the formation of secondary deposits. 
The bark consists of a cellular and vascular system. In this respect 
it resembles the wood, but the position and relative proportion of these 
two systems is reversed. In the bark the cellular system is external, 
and is much developed ; while the vascular is internal, and occupies 
comparatively a small space. The cellular portion of the bark con- 
sists of an external layer, or Epiphloeum (e-r/, upon, on the outside, and 
QhoUc, bark), and the cellular envelope, or Mesophlemm (petroc, middle ; 
while the vascular system forms the internal portion called Liber , or 
EndopUoeum (hfoy, within). 

88. The inner bark, or endophlceum (fig, 98 / c), is composed of 
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elongated pleurenchyma mixed with laticiferous vessels and some 
cellular tissue. It is separated from the wood by the cambium layer. 
The pleurenchymatous tubes are thickened by concentric deposits in 
their interior, and thus they acquire a great degree of tenacity. The 
liber of the Lime tree and ol Antians saccidora, the sack-tree of 
Coorg, are used to form mats, cordage, and bags ; and the toughness 
of the fibres of the inner bark of flax, hemp, and of many of the nettle 
and mallow tribe, render them lit for various manufacturing purposes. 
The liber is sometimes called the bast- layer , from its uses. Occasionally 
it is continuous and uninterrupted, as in the Vine and Horse-chestnut; 
at other times, as in the Oak, Ash, and Lime, the fibres are separated 
during the progress of growth, and form a sort of net- work, in the 
interstices ot which the medullary rays are seen, 
lace- bark tree ( Lagetta lintcaria) are thus formed. 

In fig. 101, is represented the bark of Daphne 
Laureola ; f indicating the woody fibres of liber, 
and r the medullary rays. The endophlocm in- 
creases by layers on its inside, which are thin, 
and may be separated like the leaves of a book, 
and hence the application of the name liber . The 
term liber may be deiived from the fact of the 
inner bark being used for writing upon. 

84. The cellular envelope, or mesophloeum , lies 
immediately on the outside of the liber. It con- 
sists of polyhedral, often prismatical cells (fig. 98 
bis , e c), usually having chlorophyll, or green 
colouring matter, in their interior, but sometimes 
being colourless and containing raphides. They 
are distinguished from those of the epiphloeum by 
their form and direction, by their thicker walls, 
their green colour, and the intercellular spaces 
which occur among them. This covering is usually less developed 
than the outer suberous layer, but sometimes, as in the Larch and 
common Fir, it becomes very thick, and separates like the epi- 
phloeum. In the cellular envelope laticiferous vessels occur. 

85. The Epiphloeum is the outer covering of the bark, consisting of 
cells which usually assume a cubical or flattened tabular form (fig. 98 
bis , p ). The cells have no chlorophyll in their interior, are placed 
close together, and are elongated in a horizontal direction ; and thus 
they are distinguished from the cells of mesophloeum. In the progress 
of growth they become often of a brown colour. This covering may 
be composed of a single layer of tabular cells ; but in some trees it 
consists of numerous layers, forming the substance called cork, which 

Fig. 101.— Network formed by liber of Daphne Laureola. //, Fibrous bundles, r r. Medullary 
rays. 


The fibres of the 
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is well seen in Quercua suber , the Cork-oak (fig. 100 p); hence the 
name suberous , or corky layer , which is given to it. The form of its 
cells varies in some instances, being cubical at one part, and more 
compressed or tabular at another, thus giving rise to the appearance 
of separate layers. After a certain period (sometimes eight or nine 
years), the corky portion becomes dead, and is thrown off in the form 
of thickish plates, leaving a layer of tabular cells or •periderm below. 
On the exterior of the epiphlceum is situated the epidermis, which has 
already been described (% 47). It is formed of a layer of cells, which 
in woody stems serve only a temporary purpose, becoming ultimately 
dry, and being thrown off in the form of plate3 or shreds. 

86. The bark, in its increase, follows an order exactly the reverse 
of that which occurs in the woody layers. Its three portions increase 
by additions to their inside. The layers of liber owe their increase to 
the cambium cells, which, by their constant reproduction, mark the 
separation between the vascular bundles of the wood, and the fibres 
of the endophloeum. These layers are often so compressed and united 
together as to be counted with difficulty, while at other times they are 
separated by rings of cellular tissue, and thus remain conspicuous. In 
the case of the cellular portions of the bark, there are also successive 
additions, sometimes to a great extent, but they do not usually exhibit 
any marked divisions. 

87. As the additions are made to the woody layers on the outside, 
and to the bark on the inside, there is a constant distension going on, 
by which the bark becomes compressed, its layers of liber are con- 
densed, the fibres are often separated so as to form meshes (as in the 
lace-bark), its epidermis is thrown off, and the epiphlceum is either 
detached along with it, or, when thick, is ruptured in various ways, so 
as to give rise to the rugged appearance presented by such trees as the 
Elm and Cork-oak. In some instances the bark is very distensible, 
and its outer cellular covering is not much developed, so that the sur- 
face remains smooth, as in the Beech. The outer suberous layer some- 
times separates with the epidermis, in thin plates or scales. In the 
Birch, these have a white and silvery aspect. There is thus a con- 
tinual destruction and separation of different portions of the bark. 
The cellular envelope and liber may remain while the epiphlceum 
separates, or they also may be gradually pushed off — the parts which 
were at first internal becoming external. In the case of some Australian 
trees, both the cellular and fibrous portions are detached in the form 
of thin flakes, and occasionally each annual layer of liber throws off 
that which preceded it. The epidermis separates early, and no re- 
newal of it takes place. There is, however, an internal covering, 
which is formed of various portions of the bark. To this covering 
the name Pa i derm (wetf, around, and skin) has been given by 
Mohl. 
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88. From the mode in which the outer layers of bark separate, it 
follows that inscriptions made on them, and not extending to the wood, 
gradually fall off and disappear. A nail driven into these layers ulti- 
mately Mis out. In consequence of the continued distension of an 
exogenous stem, it is found that woody twining plants cause injury, by 
interrupting the passage of their fluids. A spiral groove may thus be 
formed on the surface of the stem, by the compression exercised by a 
twining plant, such as honeysuckle. From what has been stated rela- 
tive to the changes which take place in the bark, it will be understood 
that it is often difficult to count its annual layers, so as to estimate the 
age of the tree by means of them. This may, however, be done in 
6ome cases, as shown at fig. 99, where there are eight layers of bark, 
e, corresponding to eight woody layers, b. 

89. Itjedullaury Ray* or Plates. — While the bark and pith become 
gradually separated by the intervention of vascular bundles, the con- 
nection between them is kept up by means of processes called medul- 
lary rays (figs. 94, 95 r ). These form the silver grain of carpenters ; 
they communicate with the pith and the cellular envelope of the bark, 
and they consist of cellular tissue, which becomes compressed and flat- 
tened so as to assume a muriform appearance (fig.*102 m r). At fiist 
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they occupy a large space (fig. 94 r) ; but as the vascular bundles in- 
crease, they become more and more narrow, forming thin laminae or 
plates, which separate the woody layers. On making a transverse or 
horizontal section of a woody stem, the medullary rays present the 


Fig. 102.— Vertical section of a one-year old branch of Acer eampestre highly magnified, and 
extending from the pith to the bark, parallel to the medullary rays, m r, A medullary ray or 
plate extending from the pith, p, to the bark, c e, crossing tracliete, t, wood y fibres, l, porous 
vessels, b, and cortical fibres, c f 

Fig. 103.— Vertical section of the same branch perpendicular to medullary rays. I i, Woody 
fibres which interlace, leaving spaces, mr, mr, m r, where the medullary rays pass. 
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aspect of narrow lines running from the centre to the circumference 
(figs. 99, 100 r m) ; and in making a vertical section of a similar stem 
through one of the rays, the appearance represented in fig. 102 will 
be observed, where a medullary ray, m r, composed of Battened muri- 
form cells passes from the pith, p, to the cellular envelope, c e , crossing 
the tracheae of the medullary sheath, t, the ligneous tissue, Z, the porous 
vessels of the wood, 5, and the fibres of the liber, cf The lamin© do 
not by any means preserve an uninterrupted course from the ape3£ to 
the base of the tree. They are broken up by the intervention of 
woody fibres, as seen in a vertical section of a woody stem (fig. 103), 
perpendicular to the medullary rays m r, m r, m r, which are sepa- 
rated by interlacing woody fibres, 1 1 . The medullary rays are usually 
continuous from the pith to the bark, additions being made to them 
as they proceed outwards. But, occasionally, secondary rays arise from 
the outer cells, which pass only to a certain depth between the vascular 
bundles* as in the Cork-oak (fig. 100, r m"\ r m ” r m""). Medullary 
rays are conspicuous in the Cork-oak, Hazel, Beech, Ivy, Clematis, Vine. 
They are not so well marked in the Lime, Chestnut, Birch, Yew, 

Anomalies in the Structure of the Exogenous Stm. 

90. The stems of Dicotyledonous plants occasionally present ano- 
malous appearances in the structure and arrangement of their wood, 
bark, and medullary rays. In place of concentric circles, there are 
sometimes only a few rows of wedge-shaped vascular bundles produced 
during the life of the plant, additions being made by the interposition 
of bundles of a similar kind annually, resembling in this respect the 
formation of woody bundles in the early growth of herbaceous plants 
(fig. 95). In the Pepper tribe, Aristolochiaceee, and Menispermacem, 
these anomalous stems occur. In Gnetum (fig. 104), the Vascular 

bundles, b b b b b h b y form 
zones, which are each the pro- 
duce of several years’ growth, 
and are separated by layers, 
Hill l y which may be con- 
sidered as representing differ- 
ent zones of liber. 

In some of the Menisper* 
mum tribe, the separating 
layers are of a cellular and 
not of a fibrous nature. InBa- 
nisteria nigrescens (fig. 105), 
the young stem (1) presents a 

Fig. 104.— Horiwntal section of stem of Gnelum. m, Pith, t m, Medullary sheath, b b b 
6 6 6 6, Woodv bundles forming seven concentric zones, each of which Is the produce of several 
years, lllltl, Fibres of liber forming inteiposed circles, equal in number to the woody zones. 



ANOMALOUS EXOGENOUS STEMS, 


51 


four-lobed surface ; the lobes gradually deepen (2), and ultimately (5) 
the stem is divided into a number of separate portions, the central one 
of which alone exhibits pith and medullary rays. The portions are 
separated by interposed cortical layers. 

Many of the Malpighiace©, Sapindace©, and Bignoniace© of Brazil, 
exhibit stems in which the woody layers are arranged in a very 
irregular manner. In the stem of Calycanthus floridus, and of some 
Brazilian Sapindace©, such as Paullinia pinnata (fig. 106), Seijania 
triternata and Belloviana, there is a central woody mass with from 
three to ten small secondary ones around it. Each of the masses con- 
tains true pith, apparently derived from the cortical cellular tissue, or 
from the original medullary centre. Gaudichaud and Jussieu state 
that around these separate collections of pith, there is a medullary 
sheath and spiral vessels. No annual rings have been detected in 
the secondary masses, but medullary rays exist, usually in their outer 
portion (fig. 106). In these anomalous Sapindace©, the cental and 
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lateral woody masses are enclosed in a common bark, with a continuous 
layer of liber. Some have supposed that the lateral masses are un- 
developed branches united together under the bark ; but Treviranus 
considers them as connected ^gith the formation of leaves, and as de- 
pending on a peculiar tendency of the vascular bundles to be developed 
independently of each other round several centres. 

In some Bignoniace© (fig. 107), the layers of wood are divided in 

Fig. 105,-.Horizontal section of stem of Banisteria nigrescens at different ages. 1 Stem 
presenting four superficial lobes. 2. Showing six deeper lobes, with intermediate divisions. 3. 
The lobes separated by cellular tissue, the middle one alone having pith and medullary sheath. 
The points indicate the orifices of porous vessels. 
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ft crucial manner into four wedge-shaped portions by the intervention 
of pktea differing in texture from the ordinary wood of the plant, and 
probably formed by introversion, or growing inwards of the liber. In 
some Guayaquil Bignonias, Gaudichaud perceived first four of these 
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plates, next eight, then sixteen, and finally thirty-two. In Aspido- 
sperma excelsum of Guiana, and in Heteropterys anomala (fig, 108), 
the stem assumes a peculiar lobed and sinuous aspect, and in some 
woody climbing plants, pressure causes the stems to become flattened 
on the side next the tree on which they are supported, while from 
being twisted alternately in different directions, they present a remark- 
able zigzag form, having the woody layers developed only on one side 

• 

Fig. 106 Horizontal section of the stem of Pauli inia plnnata, one of the Saplndace® of Brazil, 

showing numerous secondary woody masses, surrounding a central one. Each of the separate 
masses has pith, often excentric, with a medullary sheatn, containing spiral vessels, and a few 
medullary rays chiefly towards the circumference of the stem. 

Fig. 107. —Horizontal section of tho stem of Bignonia capreolata, showing the crucial divirion 
of the woody layers 

Fig. 108 —Horizontal section of stem of Heteropterrs anomala, one of the Brazilian Mal- 
plcmacese, showing an Irregularly lobed surface. The dots Indicate porous vessels. 

Hg. 109.— Fragment of a stem of a climbing species of Banlsteria (B. scandens) showing tbs 
offsets of compression. 
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(fig. 109). In Firs the wood is occasionally produced in an oblique 
in place of a ^perpendicular manner, thus injuring the timber, and 
causing it to split in an unusual way. The young plants produced 
from the seed of such twisted-wooded firs, are said to inherit the peeu- 
liarity of their parents. 

Endogenous or Monocdyledonous Stem. 

91. This kind of stem is composed of cells and vessels which are 
differently arranged from those of the Exogenous stem. The vascular 
bundles are scattered through the cellular tissue, and there is no dis- 
tinction between pith, wood, or bark. There are no medullary rays, 
nor concentric circles (fig. 110). In the young state, the centre of 

the stem is occupied entirely bv cells, which may 
be said to represent pith, ana around this the 
vessels are seen increasing in number towards 
the circumference. The central cellular mass 
has no medullary sheafh. In some cases its cells 
j are ruptured, and disappear during the progress 

of growth, leaving a hollow cavity (fig. Ill) ; but 
in general it remains permanent, and is gradually 
encroached upon by the development of the 
vascular system. The latter consists of vessels 
arranged in definite bundles, which do not increase 
by additions to their outside after being once 
formed, although they are developed in a pro- 
gressive manner. These bundles may be consi- 
dered as representing the vascular wedges, pro- 
duced during the first year of an exogenous 
stem’s growth (fig. 94). They consist of woody 
vessels enclosing some cellular tissue between 
in them, with spiral and porous vessels. The outer 

part of the stem is not formed by a separable bark, but consists of a 
dense mass of fibrous tissue, mixed with laticiferous vessels and cells* It is 
intimately connected to the inner part of the stem, without the inter- 
vention of medullary rays. 

92. On making a transverse section of a young endogenous stem 
(fig. 112), there is observed a mass of cells or utricles, u, of various sizes, 
often small in the vicinity of the vascular bundles, spiral vessels or 
tracheae, t } large porous vessels, v p y laticiferous vessels, Z, and woody 

Fig. 110.— Part of the stem of Asparagus cut transversely, showing the vessels as points dis- 
tributed through the cellular tissue, 1, Leaf in the form of a scale. 

Fig. 111.— Transverse section of stem of Phragmites communis, or common reed. The oellu- 
lar tissue in the centre has disappeared, leaving a flstular or hollo* stem, with a rin# <«. cells 
and vessels, the latter Indicated by dots, n, Node wher e the fibres cross, so as to form a sottd 
partition. 
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fibres, f, resembling those of liber, thickened by internal deposits. A 
aimilar section of a further advanced endogenous steA, as of a Palm 
(fig. 113), shows numerous bundles of vessels dispersed irregularly in 
cellular tissue ; those near the centre, being scattered at a distance 
from each other, while those towards the outside are densely aggre- 
gated, so as to form a darkish zone, £>, and are succeeded at the circum- 
ference by a paler circle of less compact vessels, l, with some compressed 
cells, covered by an epidermis, e. The peripherical portion, differs 
from true bark, in not being separable from the rest of the tissue. It 
has received the name of false bark, and consists of the epidermal cells, 



and what has been called the cortical integument, 1 This portion 
of the stem is often very inconspicuous, but sometimes it is much 
developed as in Testudinaria elephantipes, in which it is rugged, and 
is formed of a substance resembling cork in many respects. 

93. Mohl states that, in the stem of a Palm, there may be distin- 
guished a central region, a fibrous layer, and a cortical region ; and 
the same divisions are pointed out by Henfrey in the stem of Spar- 
ganium ramosum and other monocotyledons. The central portion, 
representing the pith of dicotyledons, consists in Sparganium of 
spherical cells, containing starch, while the cortical or outer portion is 
formed by irregular cells, which are usually destitute of starch. 

94. It was at one time supposed that the woody portion of these 
stems was increase^ by additions to the centre, so that the first-formed 


Fig. 112,— Horizontal aectlon of a vascular bundle from the stem of a Palm (Ctoryphafriaida). 

Tracheae, or spiral vessels, v p, Large porous vessels, «, Cells or utricles of various kinds 
surrounding the vessels, and forming the parenchyma, Laticiferous vessels. /, Fibres analo- 
gous to those Of liber, thickened by concentric deposits. 

Kg. 118.— Transverse section of part of the stem of a Palm (Astrocarpwm Mwnmtora). rru 
Central or medullary portion in which the woody bundles are distant and scattered. 6, External 
woody portion, where the litres are numerous and densely aggregated, so as to form a dark zone. 
X. Paler circle of more ilendeT and less compact fibres, which may he considered as analogous to 
liber, c, Cellular epidermal portion. 
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fibres were gradually pushed towards the circumference by those which 
•ucceeded them, in the manner represented in fig. 114, 1 : hence the 
term Endogenous ( hdov , within, and y$wattv, to produce), meaning 
internal growth. But Mohl has shown that this was not strictly correct. 
For although the fibres connected with the leaves, in the first instance, 
are directed towards the centre, 1 2 

and are therefore always internal 

to those previously formed, yet, J r liirr ™?) 

when they are traced downwards, \ / ^ \ ^ 

they are found not to continue in \ / \ / 

a parallel direction, but to arch \ \ / 

outwards, so as ultimately to reach \ 
the circumference. Hence, the 

newly-formed fibres really become 
external at the base, although 

internal above. On making a r s. / c c x \ A 0 

vertical section of an endogenous \ 1 \ \f ' 

stem, as of a Palm, there is ob- \ \ jf 

served an interlacing of fibres, \ A 

similar to what is represented in \ 

fig. 114, 2, where the four vas- I 

cular bundles, a b c c?, are first 1 

directed towards the centre, and b f, l 1 5 

then curve outwards towards the \ J \ y 

circumference, so that those last \ W\ 

formed ultimately become external. I ( 

The term Endogenous, will, there- A I 

fore, only apply strictly to the I \ | 

fibres at the early part of their I \ | 

course. On this account, the terms j \ \ | 

Endogenous and Exogenous have^\ i a (l \l / 1 H /r 

been recently discarded by many f I r [/ 1 

writers, the terms Monocotyledon- ji a h 

ous and Dicotyledonous being sub- M 1 1 I 

stituted. The true distinction / \ \ \ 

between Exogenous and Endogen- / \ \l 

ous stems consists in this, that in I \ \ 

the former, the woody or vascular ! I M u 

bundles increase indefinitely at 

their periphery, while in the latter, they are arrested in their trans- 
verse growth at a definite epoch. The investing bark of the former 
permits an unlimited extension of woody growth beneath it ; the 

Fig. 114 .— Figure* to represent the arrangement of four pairs of vascular bundles (o a, b &, e c, 
d d), In endogenous stems. 1. According to the old Idea of Internal development throughout the 
stem. 2. According to the view of Mold, who has shown that the fibres interlace, and that thoa* 
which are at first Internal, become external, lower down. 
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fibrous cortical layer of the latter maintains an intimate union with 
the general structure which prevents unlimited increase in diameter. 
Hence we find that true endogenous stems do not attain the enormous 
diameter exhibited by some exogenous trees, such as Wellingtonia 
gigantea and the Baobab, — the former of which has been measured 
116 feet in circumference. 

95. The composition of the vascular bundles, in different parts of 
their course, varies. Thus, at the upper part, where they proceed 
from the leaves towards the centre, they contain spiral vessels, porous 
vessels with some cellular tissue, a few laticiferous vessels, and woody 
fibres resembling those of liber (fig. 112.) As the bundles descend, 
the spiral vessels disappear, then the porous vessels, and when they 
have reached the periphery, and have become incorporated with it, 
nothing but fibrous tissue, or pleurenchyma, remains, forming by its 
division a complicated anastomosis, or net-work. Thus, at the com- 
mencement the bundles are large, but as they descend they usually 
become more and more attenuated. In some instances, however, as 
in CeroxylonAndicola, they increase at different parts of their course, 
probably by interstitial growth, and give rise to irregular swellings of 
the stem. This distension takes place occasionally at the base of the 
stem, as in Euterpe montana. 

96. There are many herbaceous plants in this country, as Lilies, 
Grasses, &c., having endogenous stems, in which the course of the 
vascular bundles may occasionally be traced, but there are no British 
endogenous plants with permanent aerial woody stems. All the British 
trees are exogenous. Illustrations of endogenous stems must therefore 
be taken from trees of foreign countries. Palms furnish the best 
examples. In them the stem forms a cylinder of nearly uniform 
diameter throughout. The leaves are produced from a single terminal 
and central bud, called a Phyllophor or Phyllogen , ((p^ATiov, a leaf, and 
<pogtfi, to bear, and ytndetv, to produce). Connected with the leaves 
are the vascular bundles, and the bases of the leaves remain attached 
to the outer part of the stem, surrounded by the mattulla or reticulum 
(IT 57). While the leaves produced by one bud decay, another bud 
is developed in the centre in a similar manner. As the definite vas- 
cular bundles are produced, the stem acquires increased thickness, but 
it is arrested in its transverse diameter at a certain epoch. The bundles, 
although developed progressively, do not multiply indefinitely; and 
thus a Palm-stem seldom becomes of great diameter. 

97. In consequence t>f this mode of formation, the outer part of a 
Palm-stem is the hardest and densest, and after acquiring a certain 
degree of solidity, it resists all further distension, and frequently be* 
comes so hard as to resist the blow of a hatchet. It has been already 
stated, that in the exogenous stem, provision is made for unlimited 
extension laterally, by the development of indefinite bundles of woody 
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fibres and vessels, and the formation of a separable bark which can ba 
thrown off; but in the endogenous stem there is no such provision. 
Hence, when the first formed part of the stem has increased to a cer- 
tain amount, its progress is stopped by the hard indistensible outer 
fibrous covering ; and the same thing takes place with the other parts 
in succession, till at length all have acquired a comparatively uniform 
size, as is seen in the coco-nut palm (fig. 115, 1). In consequence of 
the small lateral increase of Palm-stems, a woody twining plant does 
less injury to them than to trees of exogenous growth. 

98. The growth of endogenous stems may be said to resemble the 
Upward growth of Exogens by terminal buds only, for there is no 
cambium layer, and no peripherical increase. Hence, in Palms, the 
terminal shoot is developed, but 
there are no annular rings. The 
hardening of the stem depends, 
in all probability, partly on in- 
ternal changes in the woody fibres, 
similar to what takes place in the 
heart-wood of Exogens. Occa- 
sionally, at the upper part of a 
palm-stem there is an appearance 
of zones, but it does not continue 
throughout the stern. From the 
absence of concentric circles, the 
age of a Palm cannot be estimated 
in the same way as an exogenous 
tree. The elongation, however, 
of each species of Palm is pretty 
regular, and by it an opinion may 
be formed of the age. The rings 
on the surface of the stem are not 
indicative of yearly growth.* 

99, In Palms, there is in gen- 
eral no provision for lateral buds, 
and no branches are formed. 

Hence, destroying the central 
bud will kill the tree. In some 
Palms, however, as the Doom 
palm of Egypt ( Hyphcene thebaica ), the stem divides in a forked or 
dichotomous two ways, and rtpmv, to cut) manner. Gardner, 

Fig. 115.— Two endogenous or monocotyledonous trees, belonging to two different families. 
1. Cocos nucifera, or coco-nut, belonging to the Palm family. ± Pandanus odoratlesimus, or 
screw-pine, belonging to Panel an acea;. The first, has a simple unbianched stem, with a cluster 
of leaves at the summit; the second has a branched stem, with numerous leafy clusters, and 
peculiar aerial roots, proceeding from dlffeient parts of the stem. Two human figures are given 
to indicate t;he height of the ireea. 
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in his travels in Brazil, noticed a Palm in which the centre bud had 
been destroyed, and two side ones had been produced, so as to give it 
a forked appearance. Other plants with endogenous stems, also pro- 
dace lateral buds. In fig. 1 1 5, 2, there is a representation of such a stem, 
in the case of the Screw-pine, ( Pandanus odoratmimus), and examples 
are seen in Grasses, as the Bamboo, in Asparagus, Asphodels, and Dra- 
caenas. In these cases, the stem is conical, like that of Exogens, and the 
destruction of the terminal bud is not necessarily followed by the death 
^of the plant. The development of lateral buds is accompanied often by 
an increased diameter of the stem. The famous Dracaena Draco, or 
Dragon tree of Orotava, in the Canary Islands, has a hollow stem 
capable of holding several men; and the fact of its living in this 
state is marked by Jussieu as an argument against the strict endo- 
genous formation ; for, if the centre were the youngest and newest 
part, its destruction would put an end to the existence of the tree, in the 
same way as the removal of the outer part Of the wood would destroy 
an exogenous stem. The branches in such plants are formed on the 
same principle as the stems ; but their fibres, when reaching the stem, 
do not proceed to the centre, but extend outside the previous layers, 
between them and the outer false bark (fig. 113 l e), and thus it is 
that they give rise to lateral increase. In Grasses, the stem or culm 
is usually hollow or fistular (fig. Ill), in consequence of the outer 
part, by its rapid increase, causing the rupture and ultimate disap- 
pearance of the internal cellular portion. The fibres in some Grasses 
cross from one side to the other, forming partitions, as in Bamboo, 
which add much to the strength of the stem. 

100. In many Endogenous or Monocotyledonous plants, the stem 
remains below ground, developing shoots which are simple, as in 
Banana and PlantaiD, or branched, as in Asparagus. In the former, 
the stem above ground is an herbaceous shoot, composed of the 
sheaths of the leaves. It dies after fruiting, and is succeeded by 
other shoots from the subterranean stem. The shoots or buds from 
such stems occasionally remain in part below ground in the form of 
bulbs, as in Lilies and Hyacinths ; or corms, as in Tulips, Colchicum, 
Crocus, Gladiolus, and Arum. 

101. In some instances, the aerial stem has the usual endogenous 
structure, while the under-ground stem has the vascular bundles 
developed in the form of wedges, with cellular tissue in the centre, 
thus resembling some Exogens. This structure has been remarked in 
the Smilax or Sarsaparilla family. Lindley calls these plants Dictyogens 
(lUrvov, a net), from their netted leaves, a character by which they 
differ from other Endogens. Henfiey holds that the ring of woody 
fibres in Tamus and Smilax, is merely an alteration of the parenchy- 
matous cells of the periphery, and is not produced, as some have sup- 
posed, in the same way as the zones of Dicotyledons. He considers 
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this ring as probably analogous to the liber, and not to the indefinite 
vascular bundles of Exogenous stems, 

Acrogenous or Acotyledonous Stem . 

102, This stem, in its general external aspect, resembles that of 
Endogens. It is unbranched, usually 

of small, nearly uniform diameter, 
and produces leaves at its summit. It 
is easily distinguished by its internal 
structure. Tree Ferns furnish the best 
example of this kind of stem. In them 
it is denominated a Stipe , or a Bachis , 
and often attains the height of 120 feet 
(fig. 116). A transverse section of the 
stem (fig. 117) exhibits a circle of vas- 
cular tissue composed of masses, z /, 
of various forms and sizes, situated near 
the circumference; the centre, being 
either hollow or formed of cellular 
tissue. On the outside of the vascular 
circle, cells exist, p, covered by an epi- 
dermal layer or cellular integument, *, 
often of hard and dense consistence, 

'formed originally by the bases of the 
leaves, which remain for a long time 
attached to the stem. 

103. The vascular bundles are formed 
simultaneously , and not progressively 
as in the stem already noticed; and 
additions are always made in an up- 
ward direction. The stem then is 
formed by additions to the summit, 
and by the elongation of vessels already 
formed; hence the name Acrogenous 
{&K£o;, summit). The leaves unite by 
their bases to form the stem, and the 
arrangement of their vessels is traced 
into it. The vascular system is of 
greater density than the rest of the 
tissue, and is usually distinguished by 
the dark colour of the pleurenchyma 

Fig. 116 —Tree fern (AUophila perrotetiana), of the East Indies. Stem or stipe is cylindrical, 
cnt> ranched, and presents at tts base, r a, a conical enlargement, formed by a ma c s of advenu- 
^tious roots. The leaves are terminal, and in the young state are rolled up in a droluate manner. 
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(flg. 117 /), which surrounds the paler vessels in the centre {fig. 117 
v v). The vascular bundles do not follow a straight course, but unite 

and separate, leaving spaces between 
them, similar to those seen in the 
liber of Exogens (fig. 101). 

104. The acrogenous stem in the 
young state is solid, but it frequently 
becomes hollow in the progress of 
growth, by the rupture and absorp- 
tion of the walls of the cells in the 
centre. The bases of the leaves re- 
main long attached, but ultimately 
fall off, leaving marked scars which 
are at first close together, but often 
separate afterwards by interstitial 
growth. On these scars or cicatrices ( cicatrix , a wound), the mark- 
ings of the vessels are easily seen, arranged in the same manner as 
those of the stem with which they are continuous. The vascular 
system of ferns consists chiefly of scalariform vessels (fig. 62), mixed 
with annular (fig. 57), and porous vessels (fig. 98 ter). There are no 
true tracheae with fibres which can be unrolled. In the stems of 
Lycopodiaceae, closed tracheae or ducts (If 34) occur ; and in Equi- 
setaceae, the rings of the annular vessels are closely united. 

105. The stem of Ferns is generally of small diameter; it does not 
increase much laterally, after having been once formed, and it does not* 
produce lateral buds. Sometimes it divides into 
i two (fig. 118), by the formation of two buds at its 
growing point. This, however, is an actual divi- 
sion of the stem itself, and differs from the branch- 
ing of the Exogenous and Endogenous stem. In 
the Ferns of this country, the stems usually creep 
along and under the ground, and the leaves which 
they produce die annually without giving origin 
to an elevated trunk. In the common Brake 
( Pteris aquilina ), the arrangement of the vascular 
system may be seen by making a transverse section 
of the under-ground stem. The plant has received 
its name aquilina , from a supposed resemblance to 
a spread eagle, presented by the vessels when thus cut across. 



Fig. 117 —Transverse section of the stem of a Tree fern ( Cyathea ). m, Cellular tissue, corres- 
ponding to pith, occupying the central part z 7, Vascular circle composed of numerous irregu- 
larly-formed. masses. /, Dark-coloured woody or prosenchyraatous fibres, forming the borders 
of tne vascular masses, v v. Pale-coloured vessels, chiefly scalariform, occupying the centre of 
the masses j>, Parenchymatous or cellular external zone, often communicating with the central 
portion e, Hard epidermal envelope, occupying the place of the bark. 

Fig, 118. — Vertical section of part of the forked stem or stipe of Alsophila perrotetlana. m, 
Cellular control portion, z 7, z /, Vascular zone, consisting of woody fibres and scalariform 
vetfeel*. The forking is caused by an actual division of the stipe. 
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IdS* In soma 'rhaUogtm, whiab have been noticed as being stem- 
less, the thailus or frond is supported by a stalk, in which there are 
concentric circles, with divisions in the form of rays, and a sort of 
pith. These are all forms of cellular tissue, however, without any 
woody fibres. These appearances are presented by some large antarctic 
sea- weeds, species of D’Urvillea, and by some lichens, as Usnea. 

107. There are thus three kinds of stems in the vegetable king- 
dom : — ** 

1. — Exogenous or Dicotyledonous , having a separable bark; distinct 
concentric circles, composed of progressive indefinite vascular bundles, 
increasing at their periphery, the solidity diminishing from the centre 
towards the circumference ; pith, enclosed in a longitudinal canal or 
medullary sheath, with cellular prolongations in the form of medullary 
rays, 

2. — Endogenous or Monocotyledonous , having no separable bark ; no 
distinct concentric circles ; vascular bundles progressive and definite,, 
not increasing at their periphery, the solidity diminishing from the 
circumference to the centre; no distinct pith, no medullary sheath 
nor medullary rays, the cellular tissue being interposed between the 
vascular bundles. 

3. — Acrogenous or Acofyledonous , having no separable bark ; no con- 
centric circles ; vascular bundles simultaneous, forming an irregular 
circle ; additions being made to the summit ; no distinct pith, no me- 
dullary sheath nor medullary rays ; conspicuous scars left by the bases 
of the leaves. 

Formation of the different parts of Stems , and their special Functions. 

108. The stem bears the buds from which branches, leaves, and 
fiowers are developed ; it exposes these organs to the atmosphere and 
light, conveys fluids and air, and receives secretions. Stems vary 
much in their size, both as regards height and diameter. Some oaks 
in Britain have a height of nearly 120 feet; forest trees in France 
have attained to 120 and 130 feet, and in America even to 450 feet. 
Some Palms attain a height of 200 feet. The trunks of the Baobab 
and Wellingtonia are sometimes 30 feet or more in diameter. 

109. The pith, in its early state {fig. 94 pf is of a greenish colour, 
and contains much fluid, which is employed in the nourishment of the 
young plant. After serving a temporary nutritive purpose, it becomes 
idry, or disappears by rupture and absorption of the walls of the cells 
which enter into its composition. The medullary sheath , which is the 
first formed vascular layer (fig. 96 e wi), keeps up a connection be- 
tween the central parts of the stem and the leaves, by means of spiral 
vessels, which seem to be concerned partly in the conveyance of air. 
This is the only part of a Dicotyledonous stem in which these vessels 
ordinarily occur. The medullary rays (fig. 97 r wi), preserve a com- 
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munication between tbe bark and the pith. The cells of which they 
are composed, are concerned in the production of leaf buds, and they 
assist in the elaboration and conveyance of secretions. They have a 
direct connection with the cambium cells (fig. 97 c), or the cells be- 
tween the wood and bark, whose function is to aid in the formation of 
new wood. The bark (fig. 97 / c, e c>p), protects the tender wood, 
conveys the elaborated sap downwards from the leaves, and is the 
part in which many valuable products, such as gum, tannin, and 
bitter principles, are formed and deposited. The vascular bundles 
(fig. 97 fly v p) } convey the sap from the root to the leaves. ^This 
function is carried on during the life of the plant by the annular 
vessels and the porous vessels, as well as other kinds of spurious 
fibro- vascular tissue ; but in the woody fibres it ceases at a certain 
epoch, in consequence of the tubes being filled up by secondary de- 
posits, so as to form the perfect wood, which gives strength and sta- 
bility to the stem. 

110. Considerable differences of opinion have arisen on the subject 
of the formation of wood. All agree that it cannot be properly formed 
unless the leaves are exposed to air and light, but physiologists differ 
as to its mode of deposition. Some say that it is deposited in a hori- 
zontal, others, in a vertical direction. There seems to be no doubt, 
that the cambium cells perform an important part in the formation of 
wood, and that their activity depends on the proper development of 
leaves. These formative cells, although most easily detected in exo- 
genous stems, are also present in the other forms ot stems winch 
have been described. * In Monocotyledonous stems these cambium 
cells are situated in the centre of the bundles, and are concerned in 
the formation of the vascular tissue surrounding them. In woody 
Acotyledonous stems, as in Tree-ferns, these cells surround the vas- 
cular bundles. After a certain time the cambium zones in these 
stems become woody, and then the vascular bundles only grow at their 
extremity by means of unchanged cambium cells. In both these kinds 
of stems the vascular bundles are limited, and the stems can only 
increase laterally by ramifying or dividing dichotomously, as in Dra- 
caena and some Tree-ferns 

111. The early physiologists made experiments on exogenous stems, 
as being most easily procured. They espoused the horizontal theory 
of deposition, and disputed as to the formation of cambium; some 
maintaining that it was formed by the cells of the -bark ; others, by 
the central cells of the stem ; and others, by both united. Duhamel,* 
by putting silver plates between the bark and wood ; and Dr. Hope, 
by detaching portions of bark, endeavoured to show that the bark 
alone was concerned in the formation of wood ; while Decandolle and 
others were led to the conclusion, that both were concerned in the 
process of foruyng cambium, by means of which a layer of liber and a 
layer of wood was annually produced. 
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112. Knight espoused what is called the vertical theory, considering 
the wood as developed in a downward direction by the leaves, and in 
this view he is supported by Petit-Thouars and Gaudichaud. These 
physiologists maintain that there are two vascular systems in plants, 
an ascending and descending ; the one connected with the leaf forma- 
tion, or the spiral vessels ; the other connected with the production 
of roots, or the woody fibres — the cellular tissue being more especially 
concerned in horizontal development. Every bud is thus, according 
to them, an embryo plant fixed on the stem, sending leaves upwards, 
and ^>ots downwards. In Palms, Dracaenas, and other Endogenous 
6tems, the peculiar manner in which the woody fibres interlace (fig. 
114, 2), favours the opinion that they are developed like roots, by 
additions to their extremities ; and this is also strengthened by the 
formation of adventitious or aerial roots, which burst through different 
parts of the stem in Screw-pines (fig. 115, 2), in the Banyan, and in the 
Fig tribe in general. In Yellozias and Tree Ferns, the surface of the 
stem is often covered with thin roots, protruding at various parts, and 
becoming so incorporated with the stem as to appear to be a part of 
it. In the Tree Fern, represented in fig. 116, the lower part of the 
stem is enlarged in a remarkable degree by these fibres, so as to give 
it a conical form. In exogenous stems, when ligatures are put round 
the stem, and when portions of bark are removed, a swelling takes 
place above the parts where the injury has been inflicted, thus appa- 
rently proving that the new matter is developed from above downwards. 

113. Gaudichaud endeavours to account for various anomalous 
forms of stems (figs. 105 — 108), by considering them as depending on 
the arrangement of the leaves, and on the mode in which the woody 
fibres are sent down from them. Thus, the four secondary masses 
surrounding the central one in the stem of Calycanthus floridus, are 
traced to four vascular bundles from the leaves, penetrating the cellu- 
lar tissue of the bark, distinct from the central wood and from each 
other, except at the nodes, where the cross bundles unite them so as 
to form a ring round the central mass. New fibres are formed on the 
inner side of these bundles, and by degrees they assume a crescentic 
shape, while the horns of the crescent ultimately unite on the outer 
side (centrifugally), and enclose a portion of the bark, which thus forms 
a kind of spurious excentric pith, with numerous woody layers on the 
inside, and a smaller number -on the outside. Again, in Brazilian 
Sapindace® (fig. 106), with five, seven, nine, or ten woody masses, 
the same thing is said to occur, with this difference, that the pith of 
eatsh of the masses is derived from the original medullary centra, 
portions of which are enclosed by the vascular bundles in a centripetal 
manner, or from without, inwards. 

114. Treviranus states that the fibrous and vascular bundles de- 
scending from the leaves, are defined in general to unite around a 
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common centre, but that they retain a certain degree of independence, 
and may be developed separately in some instances, giving rise to 
anomalous fasciculated stems. 

115. Gardner, from an examination of Brazilian Palms, adopts the 
vertical theory, and Bindley also supports it. It is strongly opposed 
by Schleiden, Mirbel, Naudin, Henfrey, and Trecul, who consider the 
development of the vascular bundles, as proceeding from below up- 
wards ; in Dicotyledons, by peripherical production of woody and vas- 
cular tissue from cambium cells ; and in Monocotyledons, by a definite 
formation of woody and vascular bundles by means of terminal^uds ; 
the hardening of the stem depending on the interstitial changes which 
take place afterwards in the woody fibres. 

116. A consideration of all the observations made on the formation 
of woody stems, leads apparently to the conclusion, that there is an 
ascending and descending axis in plants, and that each plant consists 
of one or more individuals, or phytons (qvtop, a plant), as they are 
called by Gaudichaud and others, having both axes developed ; the 
Exogenous stem being formed by the original formation of two oppo- 
site phytons. the Endogenous by one: and that woody fibres are 
produced from cells, which, in Exogens, are formed annually between 
the wood and bark, as cambium cells ; and, in Endogens, are developed 
in the internal parts of the stem. Proof seems, however, still wanting 
of the direction in which the development of wood takes place in the 
former ; while, in the latter, observations seem to be in favour of a 
vertical formation, or of additions of woody fibre being made in a 
downward direction, as in roots, thus following the course of the 
descending elaborated sap.* Mirbel, from his investigations respect- 
ing the growth of the Date, believes that its fibres extend from below 
upward. He states, that at the summit of Monocotyledonous plants 
a mass of cellular tissue is produced, called a phyllophor, and that 
the formation of a vascular system in the plant precedes the develop- 
ment of the leaves. | Trecul has also shown that woody fibres in 
Dicotyledonous plants are not necessarily dependent on the presence 
of leaves, since ligneous tissue has been developed in the centre of por- 
tions of stems from which the bark had been removed. He believes 
that local increase depends on local action, that ligneous tissue is 
locally developed from previously existing cells, and that there is no 
evidence of fibres descending from the leaves or buds. % 

117. All physiologists agree in believing that the formation of 
woody matter depends mainly on the functions of the leaves being 


* Eor full details relative to the formation of wood, see Gaudichaud," Recherches sur l’Organo- 
graphie, «cc., Paris, 1841 ; Mubel, Annales des Sciences NatureUes, 2d series tom. xx , &c. : Nau- 
din, do., 3d seriea, tom. i^; Henfrey, Annals of Natural History, 2d series, vol i 
t Mirbel, Recherches sur la Structure du l)atiert.— Annales des Sciences, Nat. 2d senes, xx. 5 
t Trdcul, Sur l’accroissement en diametre dee Yejgetaux dicotyl6don6s ligneux. — Annales des 
Sc. Nat 33 series, rviL 
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carried on properly, and this can only be effected by exposure to air 
and light. The more vigorously the plant grows, the better is the 
wood produced. Experiments made in the British dockyards proved 
that those oaks which had formed the thickest zones, yielded the best 
timber. Barlow’s experiments at Woolwich, showed that a plank of 
quick-grown oak, bore a greater weight than a similar plank of slow- 
grown oak. 

118. In order that trees may grow well, and that timber may be 
properly formed, great care should be taken in planting at proper 
distances and in soil fitted for the trees. Firs ought to be planted 
from 6 to 8 feet apart, and hardwood trees for a permanent plantation, 
28 feet distant, the spaces being filled up with larch, spruce, or Scotch 
fir, according to soil and situation. Hardwood is of no value till it has 
attained some age, while larch and spruce may be applied to use in 
ten or twelve years; and thus judicious thinning maybe practised. 
When trees are set too close, their leaves are interrupted in their 
functions ; many of them fall off, leaving the stems bare ; the wood is 
imperfectly formed, and the roots are not sent out vigorously. When 
such plantations are allowed to grow without being thinned, the trees 
are drawn up without having a hold of the ground ; and when a por- 
tion of them is subsequently removed, the remainder is easily blown 
over by the wind. In thick plantations, it is only on the trees next 
the outside, where the leaves and branches are freely formed, that the 
wood and roots are properly developed. When a tree is fully exposed 
to air and light on one side only, it is frequently found that the woody 
zones on that side are largest. When trees are judiciously planted, 
there is a great saving both in the original outlay and in the subse- 
quent treatment. Pruning or the shortening of branches and the 
removal of superfluous ones ought to be cautiously practised It is 
only applicable to young branches and twigs, .and is had recourse to 
chiefly in the case of fruit-trees when the object is to make the plants 
produce flowers and fruit. If forest trees are properly planted and 
thinned, little pruning is required. 

ROOT OR DESCENDING AXIS. 

Structure of Roots. 

119. In the young state there is no distinction between stem and 
root, as regards structure ; both being cellular, and an extension of 
each other in opposite directions. In stemless plants, as Thallogens, 
the root remains irr a cellular state throughout the life of the plants. 
The root is afterwards distinguished from the stem, by the want of 
a provision for the development of leaf-buds, and by increasing from 
above downwards. Some plants, however, as the Moutan Peeony, the 

d 2 
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Plum-tree, Pyrus japonica, and especially Anemone japonica, have a 
power of forming bud3 on their roots. The last-mentioned plant 
developes these buds on every part of its extensively ramifying roots, 
which may be chopped into numerous pieces, each capable of giving 
rise to a new plant. # The part where the stem and root unite is the 
collum or neck. In woody plants, the fibres of the stem descend into 
the roots, and there is a similar internal arrangement of woody layers, 
as is seen in the stem itself. 

120. Roots are usually subterranean and colourless. Externally, 
they have a cellular epidermal covering of a delicate texture, some- 
times called epiblema 47), in which no stomata exist. Their in* 
ternal structure consists partly of cells, and partly of vascular bundles, 

in which there are no vessels with fibres 
which can be unrolled. Roots do not ex- 
hibit true pith, nor a medullary sheath. 
The axis t>f the root gives off branches 
which divide into radicles or fibrils (fig. 119), 
the extremities of which are composed of 
loose sponge-like cellular tissue, and are 
called spongioles or spongelets . Over these 
a very thin layer of cells is extended, 
called, by Trecul, a PileorJiiza (crixo;, a 
cap, and p(£ot, a root). This sometimes 
becomes thickened, and separates in the 
form of a cup, as in Screw-pines (fig. 115, 
2), and in Lycopodiums. Occasionally 
the extremities of roots are enclosed in a 
sheath, or ampulla , as in Lemna. Cellular 
papillse, and hairs are often seen in roots 
(tig. 77), but no true leaves. These hairs 
consist of simple elongated cells which occur singly, and appear 
to serve the purpose of absorption. Roots do not grow through- 
out the whole length like stems, but by additions to their extremi- 
ties, which are constantly renewed, so that the minute fibrils 
serve only a temporary purpose, and represent deciduous leaves. 
Schleiden has, therefore, observed that the tissue at the extre- 
mities of roots is older and more dense than that immediately be- 
low it. 

121. Roots, in some instances, in place of being subterranean, be- 
come aerial. Such roots occur in plants called Epiphytes , or air- 
plants («cr/ f upon, and $vt6»> a plant, from growing on other plants), 
as in Orchidaceee ; also in the Screw-pine (fig. 115, 2), the Banyan 
(Ficus indica), and many other species of Ficus, where they assist in 
supporting the stem and branches, and have been called adventitious or 

Fig. 119 .— Tapering root of Malva rotundifblia, giving off branches and fibril*. 
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abnormal In Screw-pines, these aerial roots follow a spiral order 
of development. In Mangrove trees, they often form the entire 
support of the stem, which has decayed at its lower part. The name 
of adventitious has also been applied to those roots which are formed 
where portions of stems and branches, as of the Willow and Poplar, 
are planted in moist soiL They appear first 8s cellular projections, 
into which the fibres of the stem are prolonged, and by some are said 
to proceed from lenticels (% 63). They frequently arise from points 
where the epidermis has been injured. A Screw-pine in the palm- 
house of the Edinburgh Botanic Garden, had one of its branches in* 
jured close to its union with the stem. This branch was at the 
distance of several feet above the part where the aerial roots were in 
the course of formation. At the part, howeVer, where the injury had 
been inflicted, a root soon appeared, which extended rapidly to the 
earth, and now the branch is firmly supported. 

122. Green-coloured aerial roots are frequently met with in endo- 
genous plants. Such roots possess stomata. In the Ivy, root-like 
processes are produced from the stem, by means of which it attaches 
itself to trees, rocks, and walls. Those processes are subservient to 
the purposes of support rather than nutrition. In parasites, or plants 
which derive nourishment from other plants, such as Dodder ( Cuscuta ), 
roots are sometimes produced in the form of suckers , which enter into 
the cellular tissue of the plant preyed upon. 

123. When roots have been exposed to the air for some time, they 
occasionally assume the functions of stems, losing their fibrils, and 
developing abnormal buds. Duhamel proved this experimentally, 
by causing the branches of a willow to take root while attached to the 
stem, and ultimately raising the natural roots into the air. 

Forms of Roots. 

124. The forms of roots depend upon the mode in which the axis 
descends and branches. When the central axis goes deep into the 
ground in a tapering manner, without dividing, a tap-root is produced 
(fig. 119). Ihis kind of root is sometimes shortened, and becomes 
succulent, forming the conical root of carrot, or the fusiform , or spindle- 
shaped root of radish, or the napiform root of turnip; or it ends 
abruptly, thus constituting the prccmorse ( prcemorsus , bitten) root of 
Scabiosa succisa; or is twisted , as in the contorted root of Bistort. 

125. When the descending axis is very 6hort, and at once divides 
into thin, nearly equal fibrils, the root is called fibrous , as in many 
grasses ; when the fibrils become short and succulent, the root i s fasci- 
culated, as in Ranunculus Fiearia and Asphodelus luteus (fig* 120); 
when the succulent fibrils are of uniform size, and arranged like coral, 
the root is coralline , as iD Corallorhiza innata; when some of the 
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fibrils are developed in the form of tubercules containing starchy 
matter, as in Orchis, the root is tubei'cular (fig, 121); when the fibrils 
enlarge in certain parts only, the root is nodulose , as in Spiraea 
Filipendula (fig. 122), or rnonilifom *, as in Pelargonium triste (fig. 
123), or annulatedy as in Ipecacuanha. 



126. Root ©f Dicotyledonous or Exogenont Plant*. — In these plants 
the root in its early state, or the radicle as it is then called, is a pro- 
longation of the stem, and elongates directly by its extremity. It then 
continues to grow in a simple or branched state (fig. 119). From this 
mode of root development, these plants have been called Exorhizal 

outwards, and a root), by Richard. In their after progress, 
these roots follow the arrangement seen in the woody part of the stem. 
In some cases, as in the Walnut and Horse-chestnut, there is a pro- 
longation of the pith into the root to a certain extent. 

127. Root of Ulonocolyledonous or Endogenon* Plant*.— In these 
plants the young root or radicle pierces the lower part of the axis 
(fig. 124 r), is covered with a cellular sheath, c, and gives rise to 
numerous fibrils, r* r 1 ¥ r^, which are similarly developed. These 
plants are therefore called by Richard, Endorhizal (hlw, within) ; and 
the sheath is denominated Coleorhiza (xt>*s6g, a sheath). In their after 


Fig. 120.— Fasiculated root of Asphodelus Metis. 

Fig. 121. — Tubercular root of Orchis. Several of the radical fibres retain their cylindrical form, 
while two are tubercules containing starchy matter. 

J'lg. 122. — Nodulose root of Spiraea Filipendula. 

Fig. 123.— Monlliform root of Pelargonium triste.. 
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progress, they usually retain their compound character, consisting of 
fibrils, most of which often remain unbranched (figs. 120, 121), The 
first-formed roots which surround the axis, if the plant is perennial, 
gradually die, and others are produced in succession farther from the 
central axis. In Endogenous roots, the same structure is observed as 
in the stem. Thus, fig. 125 represents a section of a Palm root, com- 
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posed of cellular tissue, porous vessels, v p 1 scalariform vessels, v s t 
fibrous or woody tissue, f and laticiferous vessels, l. Roots are pushed 
out from various parts of the stems of many Palms, and ultimately 
appear as part of the external integument. 

128. Boot of Acotyledonoua or Acrogenona Plants. — la these plants, 
the young root is a development of superficial cells from no fixed 
point, and they have been called Heterorhizal (ers^or, diverse). In 
their subsequent progress, these roots present appearances similar to 
those seen in the stem. They frequently appear in the form of fibres 
on the outer part of the stenf, giving rise, by their accumulation at the 
base, to the conical appearance represented in fig. 116 r a. 

Functions of Roots , 

129. Roots fix the plant, either in the soil or by attachment to 
other bodies. They absorb nourishment by a process of imbibition 
or endosmose (If 27), through their spongioles or cellular extremities. 


Fig. 124.— Grain of wheat germinating, g , The mass of the grain, t, The young stem hegin- 
mng to shoot upwards r, The principal root of axis, r' r' r* r', Lateral roots, covered like the 
preceding, with small hairs or threads c c c, Coleorhiza or sheath, with which each of the roots 
is covered at Its base, while piercing the superficial layer of the embryo. 

126.— Transverse section of part of the root of a Palm (, Diplothemium marttimum ), to show 
tne mode in which the cells and vessels are arranged, v p, Large porous vessels situated in the 
Ik v Scalariform vessels more external, and becoming smaller the farther they are from 

tne centre /, Fibrous tissue, or elongated cells, accompanying the vessels. k Groups of latici- 
ferous vessels of different sizes, the larger being inside. 
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The experiment of Duhamel and Senebier, con ducted by inserting at 
one time the minute fibrils alone into fluid, and at another, the axis of 
the root alone, showed clearly that the cellular extremities were the 
chief absorbing parts of the roots. Hence the importance, in trans- 
planting large trees, of cutting the roots some time before, in order 
that they may form young fibrils and spongelets, which are then easily 
taken up in an uninjured condition, rejidy to absorb nourishment 

130. The elongation of the roots by tlieir extremities, enables them 
to accommodate themselves to the soil, and allows the spongioles to 
extend deeply without being injured. Roots in their lateral extension, 
bear usually a relation to the horizontal spreading of the branches, so 
as to fix the plant firmly, and to allow fluid nutritive substances to 
reach the spongioles more easily. It is of importance to permit the 
roots to extend easily in all directions. By restricting or cutting the 
roots, the growth of the plant is to a certain degree prevented, although 
it is sometimes made to flower and bear fruit sooner than it would 
otherwise have done. The system of restrictive potting, formerly prac- 
tised in green-houses, often destroyed the natural appearance of the 
plants. The roots filled the pots completely, and even raised the plants 
in such a way as to make the upper part of the root appear above the soil. 

131. To roots there are sometimes attached reservoirs of nourish- 
ment, in the form of tubercules, containing starch and gum (fig. 121), 
which are applied to the nourishment of the young plant. These are 
seen in the Dahlia and in terrestrial Orchids. In epiphytic Orchids, 
on the other hand, the roots are aerial, and the stems are much de- 
veloped, forming pseudo-bulbs. Upon the roots of Spondias tuberosa 
there exist round black-coloured tubercules, about eight inches in 
diameter, consisting internally of a white cellular substance, which is 
full of water. These tubercules seem to be intended to supply water 
to the tree during the dry season. They are often dug by travellers, 
each of them yielding about a pint of fluid of excellent quality. 

132. Roots also give off certain excretions, which differ in different 
species. These are given off by a process of exosmose (If 27), and 
consist both of organic and inorganic matter. They were examined 
by Macaire and Decandolle, and at one time they were thought to be 
injurious to the plant, and by their accumulation to cause its deterio- 
ration. It was also supposed, that while they were prejudicial to the 
species of plant which yielded them, they were not so to others, and 
that hence a rotation of crops was necessary. Daubeny and Gyde 
have found by experiment, that these excretions are not injurious, 
and it is now shown, that the necessity for rotation depends on the 
want of certain nutritive matters in the soil.* In very rich and fertile 
land, the same crop may be grown successively for many years. 

* This subject is considered when the source* whence plants derive their nourishment we 
treated of. page 121. 
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LEAVES AND THEIB APPENDAGES. 

Structure of Leaves . 

133. Leaves are expansions of the bark, developed in a symmetrical 
manner, as lateral appendages of the stem, and having a connection 
with the internal part of the ascending axis. They appear at first as 
small projections of cellular tissue, continuous with the bark, and 
closely applied to each other. In the early stages of their development 
they are undivided. These cellular papillae, from which they derive 
their origin, gradually expand in various ways, acquire vascular tissue, 
and ultimately assume their permanent form and position on the axis. 
They may be divided into aerial and submerged leaves, the former being 
produced in the air, and the latter under water. 

134. Aerial f.eare«. — These leaves consist of vascular tissue in the 
form of veins , ribs, or nerves , of cellular tissue or parenchyma filling up 
the interstices between the veins, and of an epidermal covering. 

135. The VRAcuiar System of the leaf is continuous with that of the 

stem, those vessels which occupy the internal part of the stem becoming 
superior in the leaf, while the more external become inferior. Thus, 
in the upper part of the leaf, which may 
represent the woody layers, there are spiral 
vessels (fig. 126 <), annular, reticulated or . 
porous vessels, v , and woody fibres, /; ^ 
whilst in the lower side, which may re- *' 
present the bark, there are laticiferous 
vessels and fibres, resembling those of * 
liber, L There are usually two layers of * ' 
fibro- vascular tissue in the leaf, which *;\ 
may be separated by maceration. They : -;; 
may be seen in what are cal^d skeleton V 
leaves, in which the cellular part is re- ^ , 
moved, and the fibro-vascular left. The <? i S • 

vascular system of the leaf is distributed 1 |l • 

through the cellular tissue in the form of 

simple or branching veins. J m 

136. Ihe Epidermis (fig. 127 e s, e i), composed of cells more or 
less compressed, has usually a different structure and aspect on the 
two surfaces of the leaf. It is chiefly on the epidermis of the lower 
surface (fig. 128 e i), that stomata, s s , are produced, occupying spaces 
between the veins, and it is there also that hairs usually occur. In 



of , Ahro- vascular tissue, passing from a branch, 6, into a petiole, p. The 
^eis are first vertical, then nearly horizontal, bnt they continue to retain their relative posi- 
tho an™ take ,P 1 ® ce to the size of the cells at the articulation a. t *, Trachece, in wlfich. 

of liber! 6 ^ ^ unrwlled * * v » Annular vessels. //, Woody fibres, i /, Cortical fibres, or fibre® 
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these respects, the lower epidermis resembles the outer bark of young 
stems, with which it maybe said to correspond. The lower epidermis 
is often of a dull or pale-green colour, soft, and easily detached. The 
upper epidermis (figs. 127 and 128 e s) is frequently smooth and 



shining, and sometimes becomes very hard and dense. Many tropical 
plants present on the upper surface of their leaves several layers of 
compressed epidermal cells. These appear to be essential for the pre- 
servation of moisture in the leaf. In leaves which float upon the sur- 
face of water, as those of the water-lily, the upper epidermis alone 
possesses stomata (^[ 56). On removing a strip of epidermis, part of 
the parietes of the cells below is often detached in the form of a green 
net-work (fig. 129 p p), and on examination under the microscope, 

the stomata, ss , are seen communicating 
with colourless spaces, III, surrounded, 
by green matter. 

137. The Parenchyma of the leaf is 
the cellular tissue surrounding the ves- 
sels, and enclosed within the epidermis 
(fig. 127 ps , pi). It has sometimes re- 
ceived the names of Diachjma ($/«£, in 
the midst^and wpet, tissue), or Meso- 
phyllum (peaos, middle, and <pt a 
leaf), or Diploe, a covering). It is formed of two distinct 

series of cells, each containing chlorophylle or green -coloured granules, 
but differing in their form and arrangement. This may be seen on 
making a vertical section of a leaf, as in fig. 127. Below the epidermis 
of the upper side of the leaf, there are one or two layers of oblong 
blunt cells, placed perpendicularly to the surface (fig. 127 p e), and 

Fig. 127. —Thin vertical section of the leaf of a Lily, highly magnified, e a, Epidermis of upper 
pagLna or surface, e *, Epiflei mis of lower surface, p s, Parenchyma of upper portion of the leaf, 
composed of close verticaJly-placed cells, p i. Parenchyma of lower portion, composed of loose 
horizontal cells, m, Intercellular passages. 1 l, Lacunas. 

Fig. 128.— Similar section of the leaf of Balsam. The letter* denote the same parts as in fig. 
127. s jl Stomata. 

Fig. 129.— Strip of the lower epidermis, e e, of the leaf of Balsam, showing a net-work formed 
by a portion ot the parenchyma below, p p, being detuclied. The spaces of the net are lacunte, 
III, often corresponding to stomata, t s. 
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applied so closely to each other as to leave only small intercellular 
spaces (fig. 127 w), except when stomata happen to be present. On 
the under side of the leaf, the cells are irregular, often branched, and 
are arranged more or less horizontally (fig. 127 p i), leaving cavities 
between them, l l , which often communicate with stomata (fig. 128 
8 8). On this account the tissue has received the name of cavernous. 
The form and arrangement of the cells, however, depend much on the 
nature of the plant, and its exposure to light and air. Sometimes the 
arrangement of the cells on both sides of the leaf is similar, as occurs 
in leaves which have their edges presented to the sky. In very suc- 
culent plants, the cells form a compact mass, and those in the centre 
are often colourless. In some cases the cellular tissue is deficient at 
certain points, giving rise to distinct holes in the leaf, as in Monstera 
pertusa. In Victoria regia perforations in the leaf seem to be sub- 
servient to the purposes of nutrition, in permitting the air collected 
beneath the large expanded leaf to escape, and so allowing its under 
surface to be brought into immediate contact with the water. 

138. Submerged leaves. — Leaves which are developed under water 
differ in structure from aerial leaves. They have usually no fibro- 
vascular system, but consist of a congeries of cells which sometimes 
become elongated and compressed so as to resemble veins. They 
have a layer of compact cells on their surface (fig. 130 p ), but no true 
epidermis, and no stomata. The internal structure consists of cells, 
disposed irregularly, and sometimes leaving spaces which are filled 
with air for the purpose of floating the leaf (fig. 130 /)• When exposed 
to the air, these leaves easily part with their moisture, and become 
shrivelled and dry. In some instances there is only a net-work of 



131 

filamentous-like cells formed, the spaces between which are not filled 
with parenchyma, giving a peculiar skeleton appearance to the leaf, as 
in Hydrogeton or Ouvirandra fenestralis (fig. 131). Such a leaf has 
been called fenestrate ( ( fenestra , a window). 


perfoliatiMT"^ ei ?areiich^ ar a sma ^ portion of the submerged leal of Potamogeton 

S' 1 3 1 *—^ e o eHtrttt e Caf of Ouvirandra fenestralis, composed of vascular tissue, without inter- 
vening cellular tissue or diachyma. K 
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189. A leaf, in general, whether aerial or submerged, consists of a 
flat expanded portion (fig. 132 l), called the blade , limb , or laminar 
merithal, a part, and 8x^6g, a frond), of a narrower portion 

called the petiole, ( petiolus , a little foot or stalk), stal/c , or petiolary merithal 
l (fig. 132 p), and sometimes of a portion 
at the base of the petiole, which forms a 
sheath or vagina (fig. 132 g ), or is de- 
veloped in the form of leaflets, called 
stipules (fig. 191 s). The sheathing por- 
tion or vaginal merithal is sometimes 
incorporated with the stem, and has 
been called Tigellary ( tige , Fr., a stem 
or stalk), by Gaudichaud. These por- 
tions are not always present. The 
sheathing, or stipulary portion, is fre- 
quently wanting, and occasionally only 
one of the other two is developed. 
When a leaf has a distinct stalk it is called petiolaie; when it has none, 
it is sessile ( [sessilis , from sedeo , 1 sit). When sessile leaves embrace 
the stem, they are called amplexicaul ( amplexor , I embrace, and caulis , 
a stem). The part of the leaf next the petiole or the axis is its base , 
while the opposite extremity is the apex. The surfaces of the leaf are 
called the pagince ( pagina , a flat page), and its edges or margins form 
the circumscription of the leaf. The leaf is usually horizontal, so that 
the upper pagina is directed towards the heavens, and the lower pagina 
towards the earth ; but in many cases leaves are placed vertically, as 
in some Australian Acacias, Eucalypti, &c. ; in other instances, as in 
Alstromeria, the leaf becomes twisted in its course, so that what is 
superior at one part becomes inferior at another. 

140. The upper angle formed by the leaf with the stem is called its 
axil ( axilla , arm-pit), and everything arising at that point is called 
axillary. It is there that leaf-buds (Y ] 80) are usually developed. 
The leaf is sometimes articulated with the stem, and when it falls off 
a scar or cicatricula remains ; at other times it is continuous with it, 
and then decays gradually, while still attached to the axis. In their 
early state all leaves are continuous with the stem, and it is only in 
their after-growth that articulations are formed. When leaves fall 
off annually, they are called deciduous; when they remain for two 
or more years, they are evergreen. The laminar portion of a leaf is 
occasionally articulated with the petiole, as in the Orange (fig. 185), 
and a joint at times exists between the vaginal or stipulary portion 
and the petiole. 



Fig. 132— Leaf of Polygonum Hydropiper, with a portion of the stem bearing it. I , Limb 
jRmtna, or blade, p, Petiole or leaf-stalk, g, Sheath or vagina, embracing the stem, and ter- 
minated by a fringe. 
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Distribution of the Veins , or Venation of Leaves. 

141, The distribution of the veins has been called Venation , some- 
times Negation. In most leaves this can be easily traced, but in 
the case of succulent plants, as Hoya, Agave, and Mesembryanthemum, 
the veins are obscure, and the leaves are said to be Hidden-veined 
(figs, 171, 172). In the lower tribes of plants, as sea-weeds, and in 
submerged leaves, there are no true veins, but only condensations of 
elongated cellular tissue, and the term Veinless ( avenia ) is applied. 
In an ordinary leaf, as that of Lilac or Chestnut, there is observed a 
central vein larger than the rest, called the midrib (fig 133 m); this 
gives off veins laterally {primary veins), ns ns ns, which either end in a 
curvature within the margin, as in Lilac (fig. 133), or go directly to 
the edge of the leaf, as in Oak and Chestnut (fig. 134). If they are 
curved, then external veins and marginal veinlets are ^ 
interspersed through the parenchyma external to the prL 
curvature. There are also other veins of less extent 
( costal veins) given off by the midrib, and these give origin ‘ 
to small veinlets . In some cases, as Sycamore and Cinna- ^ 
mon, in place of there being only a single central rib, there I 
are several which diverge from the part where the blade 




joins the petiole or stem. Thus, the primary veins give off secondary 
veins, and these in their turn give off tertiary veins, and so on, until a 

or lca, - 9talk - B "> Mldrib - « * ve * ns * 
tl.^el^ R oKta^t?S?i!2^ d,T ‘ aea tot0 lobes to » pinnate manner; feather-veined, 

?! Pan ana, show ins: midrib and primary veins running parallel and In a 
eu.ved manner to the frnngln. Iso reticulation. Plant ruonocotyleduuous. 
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complete net-work of vessels is produced. To such a distribution of 
veins, the name of Reticulated or Netted venation has been applied. 

142. In the leaves of some plants there exists a central rib or mid- 
rib, with veins running nearly parallel to it from the base to the apex 
of the leaf, as in grasses (fig. 194) and Fan palms; or with veins com- 
ing off from it throughout its whole course, and running parallel to 
each other in a straight or curved direction towards the margin of the 
leaf, as in Plantain and Banana (fig. 135). In these cases the veins 
are often united by cross veinlets, which do not, however, form an 
angular net-work. These are called Parallel-veined. 

143. Leaves may thus be divided into two great classes, according 
to their venation — Reticulated or netted leaves , in which there is an 
angular net-work of vessels, as occurs generally in the leaves of exo- 
genous or dicotyledonous plants; and Parallel-veined , in which the 
veins run in a straight or curved manner from base to apex, or from 
the midrib to the margin of leaf, and in which, if there is a union, 
it is effected by transverse veins which do not form an angular net- 
work. This kind of leaf occurs commonly in endogenous or monocotyle- 
don ous plants. 

144. — Tabular Arrangement of Venation. 

A. — Reticulated Venation. 

I. Unicostate (units, one). A single rib or costa in the middle (midno). 

1. Primary veins coming off at different points of the midrib. 

a . Veins ending in curvatures within the margin (fig. 133), and forming what 

have been called true netted leaves (Lilac). 

b. Veins going directly to the margin (tig. 134), and forming feather-veined 

leaves (Oak and Chestnut). 

2. Primary veins coming off along Mith the midrib (fig. 143) from the. base ol 

the leaf. 

II. Multicostate (multus, many). More than one rib. In such cases there are 

frequently three (tricostate), as in fig. 1 02 ; or five (quinquecostate), as 
in fig. 158. Authors usually give to these leaves the general name of 
costate , or ribbed. 

1. Concostate (con, together, costa, a rib). Ribs converging, running from base 

to apex in a curved manner, as in Cinnamon and MeIastoma(fig. 158). 
There is occasionally an obscure rib running close to the edge of the 
leaf, and called intram arginal, as in the Myrtle. 

2. Discostate (dis, separate). Ribs diverging or proceeding in a radiating manner ; 

this is called radiating venation, .and is seen in Sycamore, Vine, 
Geranium (figs. 144, 146). 

B. — Parallel Venation. — The term parallel is not strictly applicable, for the veins 

often proceed in a radiating manner, but it is difficult to find a compre- 
hensive term. This venation may be characterized as not reticulated. 

I. Veins proceeding from midrib to margin usually with convexity towards the 
midrib, as in Musa and Canna (fig. 135). 

il. Veins proceeding from base to apex. 

1. Veins more or less convergent (fig. 173), as in Iris, Lilies, Grasses (fig. 194). 

2. Veins more or less divergent, as in Fan Palms. 

To this may be added the venation common in Ferns where the veins divide in 
a forked manner. This venation has been called Furcate (furca , a fork). 
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Forms of Leaves. 

145. Leaves have been divided into simple and compound. The 
former have no articulation beyond the point of their insertion on the 
stem, or consist of one piece only, which, however, may be variously 
divided (figs. 136, 137, 138, &c.). The latter have one or more articu- 




lations beyond the point, of their insertion on the stem, or consist of 
one or more leaflets (Joliola) separately attached to the petiole or leaf- 
stalk (fig. 141). In the earliest stage of growth all leaves are simple 
and undivided, and it is only during the subsequent development 
that divisions appear. The forms which the different kinds of simple 
and compound leaves assume, are traced to the character of the vena- 
tion, and to the amount of parenchyma produced. 

146. Simple leaves. — When the parenchyma is developed symme- 
trically on each side of the midrib or stalk, the leaf is equal (fig. 149) ; 
if otherwise, the leaf is unequal or oblique (fig. 136), as in Begonia. If 
the margins are even and present no divisions, the leaf is entire (in- 
teger), as in figs. 149 and 150 ; if there are slight projections of cellular 
or vascular tissue beyond the margin, the leaf is not entire (fig. 136) ; 
when the projections are irregular and more or less pointed, the leaf 
is dentate or toothed (fig. 155); when they lie regularly over each 
other, like the teeth of a saw, the leaf is serrate ( figs. 136, 154) ; when 
they are rounded, the leaf is crenate (fig. 159). If the divisions extend 

Fig. 136.— Lcuf of tJlmus effusa. Reticulated venation; primary veins going to the margin, 
wl<i<-h is ^rr.i’r I l.orf unequal at the base 

1 ^ M7--I’ i\ is ..i l< -.ti ..f Valeriana dioica. 

1 ig J.'b - ]’■ A \ .,i .-‘<J I- ..r of l’apa\er Argcmone. Feather- veined 
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more deeply than the margin, the leaf receives different names accord- 
ing to the nature of the segments : thus, when J;he divisions extend 
about half way down (figs. 134, 144), it is cleft (Jk&us), and its segments 
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are called fissures ( fissure r, a cleft) ; when the divisions extend near!’ 
to the base or to the midrib (fig. 170), the leaf is partite , and its 
segments are called partitions. 

147. These divisions take place in simple leaves exhibiting different 
• kinds of venation, and thus give rise to marked forms. Thus, if they 

occur in a feather-veined leaf (fig. 137), it becomes either pinnatifid 
(pinna, a wing or leaflet, and fissus , cleft), when the segments extend 
to about the middle and are broad ; or pectinate ( pecten , a comb), 
when they are narrow ; or pinnat {partite, when the divisions extend 
nearly to the midrib. These primary divisions may be again sub- 
divided in a similar manner, and thus a feather -veined leaf will become 
brpinnatifid (fig. 138), or bipinnatipartite ; and still further subdivisions 
give origin to tripinnatifid and laeiniated leaves. If the divisions of a 
pinnatifid leaf are more or less triangular, and are pointed downwards 
towards the base, the extremity of the leaf being undivided and tri- 
angular, the leaf is runcinate ( runcina , a large saw), as in the Dande- 
lion. When the apex consists of a large rounded lobe, and the divi- 
sions, which are also more or less rounded, become gradually smaller 
towards the base (fig. 139), as in Barbarea, the leaf is called lyrate , 
from its resemblance to an ancient lyre.* When there is a concavity 
on each side of a leaf, so as to make it resemble a violin, as in Rumex 
pulcher (fig. 140), it is called panduriform (cra^o^a, fiddle). 

1 48. The same kinds of divisions taking place in a simple leaf with 
radiating venation, give origin to the terms lobed or cleft (figs. 174, 
146), when the divisions extend about lialf-way through the leaves: 
and thus they may be three-lobed , five-lobed , seven-lobed, many- lobed; 
or, trifid , quinquefid , septemfid , mvltifid , according to the number of 

Fig 139— Lyrato leaf of Barbarea. 

Fig. 14D. — Panduiiform, a fiddle-shaped leaf of Rumex pulcher. 

Fig. 141.— Compound leaf; termite, the leaflets being obcordate 

Fig. 142.— Compound leaf; quaternate, the leaflets being rot on date-cuneiform, or wedge- 
shaped with rounded apices. 

Fig. 143 — Two-lobea leaf, somewhat cordate at the base, emarginate, and mucronate. 

Fig 144.— Palmate leaf, the divisions acute and serrated at their mai gins. Radiating vena- 
tion. 

* tinder the terra lyrate, some include compound pinnate leaves In which the several pinnse 
are united at the apex of the leaf, and the otheis become gi adually smaller towards the base. 
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divisions. The name of palmate , or palmatifid (fig. 144), is applied 
to leaves with radiating venation, in which there are several fissures 
united by a broad expansion of parenchyma, like the palm of the 
hand, as in Passion-flower and Rheum palmatum; while digitate 
(digitus, a finger), or digitipartite , includes leaves in which there are 
deeper partitions, five in number, like the fingers, as in Janipha; and 
dissected applies to leaves with radiating venation, having numerous 
narrow divisions, as in Geranium dissectum. When in a radiating leaf 
there are three primary partitions and two lateral ones spreading and 
forming divisions on their inner margin only, as in Hellcborus (fig. 
170), the leaf is called pedate or pedatijld ( pes , a foot), from a fancied 
resemblance to the claw of a bird. 

149. In all the instances already alluded to, the leaves have been 
considered as flat expansions in which the ribs or veins spread out on 
the same planes with the stalk. In some cases, however, the veins 
spread at right angles to the stalk. If they do so equally on all sides, 
and are united by parenchyma, so that the stalk occupies the centre 
(fig. 145), the leaf becomes orbicidar ( orbis , a circle), as in Hydrocotyle ; 
if unequally, so that the stalk is not in the centre, the leaf is peltate 
(pelta, a buckler), as in the 
Castor oil plant (fig. 14G). 

The edges or margins of or- 
bicular and peltate leaves 
are often variously divided. 

150. It has been observed 
that the order of the vena- 
tion in the leaf bears a close 
analogy to the arrangement 
of the branches on the stem. 

That a certain unity so per- 
vades vegetable organiza- 
tion, that the root, the stem, 
and the leaves may, in their 
ultimate arrangement, be regarded as being typical the one of the 
other. M Cosh states, that the angles at which the veins are given 
off in the leaves are the same as those at which the branches come off 
from the stem. The angles as given by him vary from 30° to 70° * 
It is impossible to notice all the forms of leaves without exceed- 
ing due limits. The . following are enumerated as the most impor- 
tant. When the veins do not spread out, but run from the base 
to the apex with a narrow strip of parenchyma, the leaf is linear or 



1 i2'~2 r h ic l 1 ll ? r ? f Hyrfroeotyte vulgaris Radiating venation. *>, Petiole. 7, Lamina. 
, * ea *°f Rieinus communis, oi Castor oil plant. Radiating venation. », Tctiole 

o? leaf-stalk. Lamina or blade. 

* M'Conh on the plant morphologloRU considered. Pioceed. of the Ldln Bot Poc., July 
l^L Bat Gazette, September 18: 1. 
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acicular (fig. 147), as in Pines and Firs. When the veins diverge, 
those in the middle being longest, and the leaf tapering at each end 
(fig. 1 66), it becomes lanceolate ( lancea , a spear^), If the middle veins 
only exceed the others slightly, and the ends are convex, the leaf is 
either rounded ( rotundatus ), as in fig. 164, elliptical (fig. 162), oval 
(fig. 149), or oblong (fig. 150). If the veins at the base are longest, 
the leaf is ovate or egg-shaped, as in Chick -week (fig. 152), and if 
those at the apex are longest, the leaf is obovate, or inversely egg- 
shaped. Leaves are cuneate (cuneus, a wedge) or wedge-shaped, in 
Saxifraga (fig. 155) ; spathulate , or spatula-like, having a broad 
rounded apex, and tapering down to the stalk in the 
a Daisy (fig. 148) ; subulate (fig. 167), or narrow and 
'* tapering like an awl (subula ) ; acuminate , or drawn 
out into a long point, as in Ficus religiosa (fig. 159), 
mucronate , with a hard stiff point or mucro at the 
apex (figs. 160 and 143). When the parenchyma 


147 




is deficient at the apex so as to form two rounded lobes, the leaf is 
obcoi'date or inversely heart-shaped ; when the deficiency is very slight, 
the leaf is called emarginate (fig. 143) as having a portion taken out 
of the margin ; when the apex is merely flattened or slightly depressed 



Fig. 147 —Linear, or acicular leaf of Fir. Fig. 1 48 —Spathulate leaf of Daisy 

Fig 149.— Ovalleaf. t .... , Fig. 150 —Oblong leaf. 


in ted leaf. 

t ovate at the base 

doubly serrated, or having large and small serratures alternately a 4 the margin. 

P’ig. 105.— Cuneate or wedge-shaped leat of Saxitraga, ending m an abrupt or truncate manner, 
and toothed or dentate at the apex. 

. fig. 156.— Perfoliate leaf of Bupleurum, formed by lobes uniting at the base on the opposite 
side of the stem from that to which the leaf is attached. 

Fig 157.— Ketuse leaf, t. e. slightly depressed at the apex Margin slightly waved. 

Fig. 158.— Ovate, five-ribbed leaf 

Fig. 159.— Rounded acuminated leaf of Ficus religiosa, with the margin crenate or slightly 
sinuous. Fig. 1G0.— Sub-ovate, retuse, mucronate leaf 
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(fig. 157), the leaf is retuse ( retusus , blunt); and when the apex 
ends abruptly in a straight margin, as in the Tulip tree (fig. 163), 
the leaf is truncate. When 
the venation is prolonged 
downwards at an obtuse 
angle with the midrib, and 
rounded globes are formed, 
as in Dog-violet, the leaf is 
cordate or heart-shaped (fig. 

] 53), or kidney-shaped ( reni - 
form) when the apex is rounded (fig. 161), as in Asarum. When 
the lobes are prolonged downwards and acute (fig. 165), the leaf is 
sagittate ( sagitta , an arrow) ; when they proceed at right angles, as in 
Rumex Acetosella, the leaf is hastate ( hasta , a halbert) or halbert- 
shaped. When a simple leaf is divided at the base into two leaf-like 
appendages (fig. 169), it is called auriculate ( auricula , the ear). When 
the veins spread out in various planes, and there is a large develop- 
ment of cellular tissue, so as to produce a succulent leaf, such forms 
occur as conical , prismatical , ensifonn or sword-like ( ensis , a sword), 
acinaciform ( acinaces , a scimitar), or scimitar-shaped (fig. 172), and 
dolabriform ( dolaha, an axe) or axe-shaped (fig. 171). When the 
development of cells is such that they more than fill up the spaces 
between the veins, the margins become wavy } ciisp , or undulated, as 



164 



in Rumex crispus and Rheum undulatum (fig. 174). By cultivation 
the cellular tissue is often much increased, giving rise to the curled 
leaves of Greens, Savoys, Cresses, Lettuce, &c. 

151. Compound Leaves arc those in which the divisions extend to 


Fig. 161.— Reniform or kidney-shaped entire leaf of Asarum. Radiating venation, 
l’ig. 1 62.— Elliptical and somewhat lanceolate leaf; three-ribbed. 

Fig. 163. — Three-lobed, truncate, or abrupt leaf of Liriodendron tuliplfera. 

Fig. 164.— Rounded entire leaf, ending in a short point. 

Fig. 165 —Sagittate or arrow-shaped leaf of Sagittaria. 

Fig. 166.— Lanceolate, acute leaf, with minute teeth or dentations at the margin. 

Fig. 167 — Subulate or awl-shaped leaf. 

Fig 168.— Whorl fir vei ticil of lincar-obovate leaves. 

Fig 169.— Aumulate lanceolate leaf, obhque at the base, with minute toothings at the nnrgln. 
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the midrib, or petiole (fig. 175), and receive the name of foliola or 
leaflets. The midrib, or petiole, has thus the appearance of a branch 
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with separate leaves attached to it, but it is considered properly as 
one leaf, because in its earliest state it arises from the axis as a single 
piece, and its subsequent divisions in the form of leaflets are all in 
one plane. When a compound leaf dies, it usually separates as one 
piece. The leaflets arc either sessile (fig. 1 7 0), or have stalks, called 



petiolules ( fig. 3 75), according as the vascular bundles of the veins 
spread out or divaricate at once, or remain united for a certain length. 

Fig. 170.- Pedate or pedatifid leaf of Hellebore. Radiating venation. 

Fig 171 — Dolabriform or axe-shaped fleshy succulent leaf. Hidden veined. 

Fig. 172.— Acinaciform or scimitur-shaped succulent leaf. Hidden-veined. 

Fig 173.— Oval leaf with converging veins; not reticulated. 

Fig. 174 — Palmately-lobed leaf, crisp or undulated at the margin. Radiating venation. 

Fig. 175.— Leaf of Robinia psendo-acacia, often called Acacia The leaf is Impari-pinnate, or 
alternately pinnate The pinnae are suppoited on stalks or petiolules. j>, Petiole or leaf-stalk. 
1, Lamina or blade divided into separate leaflets or pinnae 

Fig 176 — Septenate leaf oi ACsculus Hippocastanum oi Horse Chestnut />, Petiole. /, Lamina, 
divided into seven separate leafleta 
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152. Compound leaves have been classified according to the nature 
of the venation, and the development of parenchyma. In a feather- 
veined leaf, if the divisions extend to the midrib, and each of the 
primary veins spreads out or branches so as to become covered with 
parenchyma, and thus form separate leaflets, which are usually articu- 
lated to the petiole or midrib (fig. 177), the leaf is pinnate (pinna*, a 
wing or feather). If the midrib and primary veins are not covered 
with parenchyma, while the secondary (or those coming off in a feather- 
like manner from tbe primary veins) are, and separate leaflets are 
thus formed which are usually articulated with the veins, the leaf is 
bipinnaie (fig. 178). In this case the secondary veins form as it were 
partial petioles. A farther sub-division, in which the tertiary veins 
only are covered with parenchyma and have separate leaflets, gives 
tripinnate or decompound , in which case the tertiary veins form the 
partial petioles j and a leaf divided still more is called supradecompound 
(fa> 179 ). 

153. When a pinnate, leaf has one pair of leaflets, it is unijugate 
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(mum, one, and jtigum , a yoke) ; when it has two pairs, it is bijugate ; 
many pairs, mdtijugnte (fig. 175). When a pinnate leaf ends in a 
pair of pinnae (fig. 177,) it is equally or abruptly pinnate (pari-pinnate) ; 
when there is a single terminal leaflet (fig. 175), the leaf is unequally 
pinnate (impari-pinnate) ; when the leaflets or pinnae are placed alter- 
nately on either side of the midrib, and not directly opposite to each 

Fig 177 -Pari-pinnate leaf with six pairs of pinna? (sexjugate). 

Fig 178 — Btpinnate leaf, with sessile follola or leaflets. 

Fig. 179.— Part of the supradecompound lcat of Laserpltium hirsntum. 
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other, the leaf is alternately pinnate (fig. 175); and when the pinnae 
are of different sizes, the leaf is interruptedly pinnate (fig. 180). 

154. In the case of a leaf with radiating venation, if the ribs are 
separately covered with parenchyma, and each leaflet is articulated to 
the petiole, the leaf becomes ternate (figs. 141, 181) if there are three 
divisions; quatemate , if four (fig. 142); quinate , if five; septenate, if 
seven (tig. 176), and so on.* If the three ribs of a ternate leaf sub- 
divide each into three primary veins, which become covered with 
parenchyma so as to be separate articulated leaflets, the leaf is bitemate; 
and if another three-fold division takes place, it is triternate (fig. 182). 



155. Petiole or i^eausiaik. — This is the part which unites the limb 
or blade of the leaf to the stem (figs. 132, and 175 p). It is absent in 
sessile leaves, and in many sheathing leaves is not well defined. It 
consists of one or more bandies of vascular tissue, with a varying 
amount of parenchyma. The vessels are, spiral-vessels connected 
with the medullary sheath in Exogens and with the fibro- vascular 
bundles in Endogens, porous vessels and other forms of fibro-vascular 
tissue, woody tissue, and laticiferous vessels. These vessels are enclosed 
in an epidermal covering, with few stomata, and are more or less 
compressed. When the vascular bundles reach the base of the lamina, 
they separate and spread out in various ways, as already described 
under venation. A large vascular bundle is continued through the 
lamina to form the midrib (fig. 133, n ni), and sometimes several large 
bundles form separate ribs (figs. 146, 162), whilst the ramifications of 
the smaller bundles constitute the veins. 

* Some apply the term digitate to radiating compound leaves with five or seven leaflets. 

Fig. 180 — Impaii and alternately pinnate leaf. Leaflets or pinnee sessile, and serrated at the 
margin. 

Fig 181.— Ternate leaf of Strawberry. Margin of leaflets, toothed or dontatc. p , Petiole with 
projecting hairs /, Lamina divided Into three leaflets 

Fig. 182.— Triternate leaf Leaflets cordate. 
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156. At the place where the petiole joins the stem, there is fre- 
quently an articulation or a constriction with a tendency to disunion, 
and at the same time there exists a swelling (fig. 203 p), called pulvinus 
( pulvinus , a cushion), formed by a mass of cellular tissue, the cells 
of which occasionally exhibit the phenomenon of contractility. At 
other times the petiole is not articulated, but is either continuous 
with the stem, or forms a sheath around it. At the point 
where the petiole is united to the lamina, or where the midrib 
joins the leaflets of a compound leaf, there is occasionally a cel- 
lular dilatation called struma ( struma , a swelling), with an articu- 
lation. This articulation or joint is by many considered as indicating 
a compound leaf, and hence the leaf of the orange is considered as 
such, although it consists of one undivided lamina (fig. 185). In 
articulated leaves, the pulvinus may be attached either to the petiole 
or to the axis, and may fall with the leaf, or remain attached to the 
stem. When articulated leaves drop, their place is marked by a cica- 
trix or scar, seen below the bud in fig. 203. In this scar, the remains 
of the vascular bundles, c, are seen ; and its form furnishes characters 
by Which particular kinds of trees may be known when not in leaf. 
In the case of many Palms and Tree-ferns, the scars or cicatrices of 
the leaves are very conspicuous. In fossil plants important charac- 
ters are founded on them. 


157. The petiole varies in length, being usually shorter than the 
lamina, but some- 


times much longer. 
In some palms it is 
fifteen or twenty feet 
long, and is so firm 
as to be used for 
poles or walking- 
sticks. In general, 
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the petiole is more or less rounded in its form, the upper surface 


Fig 183 Leaf with a quadrangular toothed lamina or blade, L and an inflated petiole, p , con- 
taining air cells. ’ 

Fig 184.— Aacldium or pitcher of Nepenthes, c, Winged petiole which becomes narrowed, and 
tnen expands so as to form the pitcher by being folded on itself, e, The operculum or lid, formed 
i ® articulated to the pitcher. 

* ‘“Leaf of Orange, which some call compound, p , Dilated or winged petiole, united by 
an articulation to the blade. In such a leaf, if the vessels of the petiole were developed in a cir- 
cular manner, so as to form a pitcher, the lamina or blade would form the jointed licL 
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being flattened or grooved. Sometimes it is compressed laterally, as 
in the Aspen, and to this peculiarity the trembling of the leaves of 
this tree is attributed. In aquatic plants, the leaf-stalk is sometimes 
distended with air (fig. 183 jt>), as in Pontederia and Trapa, so as to 
float the leaf. At other times it is winged, or has a leaf-like appear- 
ance, as in the pitcher plant (fig. 184 jo), orange (fig. 185 p), lemon, 
and Dionsea (fig. 186 p). In some Australian Acacias, and in some 
species of Oxalis, Bupleurum, &c., the petiole is flattened in a vertical 
direction, the vascular bundles separating immediately after quitting 



the stem, and running nearly parallel from base to apex. This kind 
of petiole (fig. 188^), has been called Pliyllodium (<pi Jxfcov, a leaf, and 
tilof, form). In these plants the lamina) or blades of the leaves are 
pinnate, bipinnate, or ternate, and are produced at the extremities of 
the phyllodia in a horizontal direction (fig. 188 l ); but in many in- 
stances they are not developed, and the phyllodium serves the purpose 

Fig. 186.— Leaf of Dionsea muscipula, or Venus’ Fly-trap p , Dilated or winged petiole e, 
Jointed blade, the two fringed halves of which fold on each other, when certain hairs on the 
upper surface are touched. 

Fig. 187 — Ascidium, or Pitcher of Sarracenia, formed by the petiole of the leaf The lid Is not 
articulated to the pitcher as in Nepenthes (fig. 184). • 

Fig. 188.— Leaf of Acacia heterophylla. p, Phyllodium or enlarged petiole, with straight vena- 
tion. I /, Lamina or blade which is bipinnate. The blade is frequently awanting, and the phyllo- 
dium is the only part produced. 
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of a leaf, Hence, some Acacias are called leafless. These phyllodia, 
by their vertical position, and their peculiar form, give a remarkable 
aspect to vegetation. On the same Acacia, there occur leaves with 
the petiole and lamina perfect; others having the petiole slightly 
expanded or winged, and the lamina imperfectly developed; and 
others in which there is no lamina, and the petiole becomes large and 
broad. Some petioles, in place of ending in a lamina, form a tendril 
or cirrhus (^f 201), so as to enable the plant to climb. 

Stipules . 

158. At the place where the petiole joins the axis, a sheath 
( vagina ) is sometimes produced, which embraces the whole or part of 
the circumference of the stem (fig. *132 #). This sheath is formed by 
the divergence of the vascular bundles which separate so as to form a 
hollow cavity towards the stem. The sheath is occasionally developed 
to such a degree as to give a character to the plants. Thus, in the 
Rhubarb tribe, it is large and membranous, and has received the name 
of ochrea or boot (fig. 132 g ) ; while in Palms it forms a kind of net- 
work, to which the name of reticulum has been given (^[ 57) ; and in 
umbelliferous plants, it constitutes the pericladium (netf, around, and 
xAaSof, a branch). In place of a sheath, leaves are occasionally pro- 
duced at* the base of the petiole (fig. 189 s s) t 
which have been denominated stipules ( stipula , 
straw or husk). These stipules are often two 
in number, and they are important as sup- 
plying characters in certain natural orders. 

Thus they occur in the Pea and Bean family, 
in Rosaceous plants, and the Cinchona bark 
family. They are rarely met with in Endo- 
gens, or in Exogens with sheathing petioles, 
and they are not common in Exogens with 
opposite leaves. Plants having stipules, are stipulate ; those having 
none, are exstipulate. 

159. Stipules are formed by some of the vascular bundles diverging 
as they leave the stem, and becoming covered with parenchyma so as to 
resemble true leaves. Like leaves they are large or small, entire or 
divided, deciduous or persistent, articulated or nonarticulated. Their 
lateral position at the base of the petiole, distinguishes them from true 
leaves. In the Pansy, the true leaves are stalked and crenate, while 
the stipules are large, sessile, and pinnatifid. In Lathyrus Aphaca, and 
some other plants, the true pinnate leaves are abortive, the petiole forms 
a tendril, and the stipules alone are developed, performing the office of 
leaves. 



bceu 


a t> rtm ch, *\of Salix aurlta, bearing a single petiolate leaf,/, which 
-eu cut across, t s y Stipules, b, Bud in the axil of the leaf 


has 
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160. When stipules are attached separately to the stem at the base 
of the leaf, they are called caulinary. Thus, in fig. 1 89, r is a branch 
of Salix aurita, with a leaf, f, having a bud, b , in its axil, and two 
caulinary stipules, 8 s . When stipulate leaves are opposite to each 
other at the same height on the stem, it occasionally happens that the 
stipules at either side unite wholly or partially, so as to form an inter - 
petiolary or interfoliar ( inter , between) stipule, as in Cinchona (fig. 
190^). In the case of alternate leaves, the stipules at the base of 



each leaf are sometimes united to the petiole and to each other, so as 
to form an actuate, adherent , or petiolary stipule, as in the Rose (fig. 
191 s), or an axillary stipule, as in Houttuynia cordata (fig. 192 $). 

Fig 190.— Branch, r, and two leave*,//, of Cephalanthus occidentalls. s, Interpetiolary or 
interfoliar stipule, formed by the partial union of two 

Fig. 191.— Portion of a branch, r, of Rosa canina, or dog-rose, bearing a Blngle leaf,/, with its 
petiole, jp, it* petiolary or adnato stipules, *, Its axillary bud, 6, and its aculei or prickles, a. 

Fig. m —Portion of a branch, r, of Houttuynia cordata, with a leaf,/, and an axillary stipule, 
«, formed by the union of two. 

Fig 193.— Branch, r, and portion of the leaf, /, of Astragalus Onobrychis, with a syr.ochreate 
stipule, formed by the union of two stipules on the opposite side of the brancn from that to which 
the leaf is attached. The leaf is pinnate, and in the figure three pairs of leaflets or pinme are left. 
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In other instances, the stipules unite together on the side of the stem 
opposite the leaf, and become synochreate (aw, together), as in Astragalus 
(fig. 193 s). The union or adhesion of stipules is not an accidental 
occurrence taking place after they have been developed ; but is in- 
timately connected with the general law, in accordance with which the 


parts of the plants are formed. 

161. Stipules are sometimes large, envelop- 
ing the leaves in the young state, and falling 
off in the progress of growth, as in Ficus, 
Magnolia, and Potamogeton ; at other times 
they are so minute as to be scarcely distin- 
guishable without the aid of a lens, and so 
fugaceous as to be visible only in the very 
young state of the leaf. In grasses, the sheath 
or sheathing petiole (fig. 194 g v) has a prolon- 
gation or folding of the epidermis * at its upper 
part, distinct from the leaf, 1o which the name of 
lignle ( ligula , a small slip) has been given (fig. 
194 g l). Some consider it as equivalent to a 
stipule. It is either long or short, acute or 
blunt, entire or divided, and thus gives rise to 
various characters. At the base of the leaflet* 
or foliola of a compound leaf, small stipules are 
occasionally produced, to which some have given 



the name of stipels. 
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Anomalous Forms of Leaves and Petioles. 

162. Variations in the structure and forms of leaves and leaf- 
stalks are produced by the increased development of cellular tissue, by 
the abortion or degeneration of parts, by the multiplication or repeti- 
tion of parts, and by adhesion. When cellular tissue is developed to 
a great extent, leaves become succulent, and occasionally assume a 
crisp or curled appearance. Such changes take place naturally, but 
they are often increased by the art of the gardener ; and the object of 
many horticultural operations is to increase the bulk and succulence of 
leaves. It is in this w r ay that Cabbages and Greens are rendered more 
delicate and nutritious. 

163. In some plants true leaves are not produced, their place being 
occupied by dilated petioles or phyllodia (^| 157), or by stipule* 
(IT 159). In other instances scales are foirned instead of leaves, as m 


* See Deduplication, under the head of Corolla, page 193. 

Fig. 194. — Portion of a leaf of Plialans arundmneea, one of the grasses, f. Laminar mcnthnl 
or blade of the leaf, with straight parallel \enatioii. q v, Vaginal, or shcatlnug poition rep t- 
»entmg the petiole, ending m a membranous process or ligule, t/ 1. 

K 2 
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Orobanche, Lathraea, and young Asparagus (fig. 110 Z). Divisions 
take place in leaves when there is a multiplication of their parts ; and 
a union of two or more leaves, or of parts of leaves, occurs in many 
cases. When two lobes at the base of a leaf are prolonged beyond 
the stem and unite (fig. 156), the leaf is perfoliate ( per , through, and 
folium ,, leaf), the stem appearing to pass through it, as in Bupleurum 
perfoliatum, and Clilora perfoliata; when two leaves unite by their 
bases they become connate (cow, together, and natus, born), as in 
Lonicera Caprifolium ; and when leaves adhere to the stem, forming 
a sort of winged or leafy appendage, they are decurrent ( decurro , to 
run down or along), as in Thistles. 

164. The vascular bundles and cellular tissue are sometimes deve- 

loped in such a way as to form a circle, with a hollow in the centre, 
and thus give rise to what are called fistulav ( fistula , a pipe) or hollow 
leaves, and to ascidia a small bag) or pitchers. Hollow leaves 

are well seen in the Onion. Pitchers are formed either by petioles or 
by laminee, and they are composed of one or more leaves. In some 
Convaliarias, two leaves unite to form a cavity. In Sarracenia (fig. 
1 87) and Heliamphora, the pitcher is composed apparently of the 
petiole of the leaf. In Nepenthes (fig. 184) and perhaps in Cephalotus, 
while the folding of a winged petiole, p, forms the pitcher, a, the lid, 
e, which is united by an articulation, corresponds to the lamina. This 
kind of ascidium is called calyjitrimorphous {x.oc'Kv'TrrQot, a covering, and 
( ao^i 7 , form), and may be considered as formed by a leaf such as that 
of the Orange (fig. 185) ; the lamina, e, being articulated to the petiole, 
p , which, when folded, forms the pitcher. In Discliidia Kafflesiana, a 
climbing plant of India, the pitchers, according to Griffith, are formed 
by the lamina of the leaf, and have an open orifice into which the 
rootlets at the upper part of the plant enter. These pitchers would 
seem therefore to contain a supply of fluid for the nourishment of the 
upper branches o£ the plant. In Utricularia, the leaves form sacs 
called ampulla. Some suppose that pitchers are not due to folding 
and adhesion, but that they are produced by a hollowing out of the 
extremity of the stalk. 

Structure and Form of Leaves in the Great Divisions of the Vegetable 

Kingdom. 

165. exogenous or Dicotyledonous Lcare*. — In Exogens, the Vena- 
tion is reticulated, the veins coming off at various angles and forming 
an angular net-work of vessels (fig, 136), and the trachea? communicat- 
ing with the medullary sheath. They are frequently articulated, ex- 
hibit divisions at their margin, and become truly compound. There 
are no doubt instances in which the veins proceed in a parallel man- 
ner, but this will be found to occur chiefly in cases where the petiole 
may be considered as occupying the place of the leaf. Examples of 
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this kind are seen in Acacias (fig. 188), as well as in E^nunculus 
gramineus, and Lingua. 

166. Endogenous or ITIoiiocolyledononn LeaTcs, — In Endogens, the 
leaves do not present an angular net-work of vessels, nor do they ex- 
hibit divisions on their margin. Their venation is generally parallel, 
and their margin entire (figs. 135, 194). Exceptions to this rule 
occur in some plants, as Tam us and T)ioscorea, which have been called 
Dictyogens by Lindley, on account of tlteir somewhat netted venation ; 
and in Palms, in which although the leaves are entire at first, they 
afterwards become split into various lobes. Endogenous leaves are 
rarely stipulate, unless the ligule of grasses be considered as being a 
stipule. Their leaves are often sheathing, continuous with the stem 
(forming a spurious stem in Bananas), and do not fall off by an articu- 
lation. When there is only a slight divergence of their veins, they 
may be looked upon more as enlarged and flattened petioles than as 
true lamina). This remark is illustrated by the leaves of Typha and 
Iris. In some Endogens, as in Sagittaria sagittifolia, the submerged 
and floating leaves are narrow, like petioles, while those growing erect 
above the water expand and assume an arrow-like shape (fig. 165). 

1 67. Acrosfcnou* or Acoiylrdonous Leaver — In Aci’OgenS, the leaves 
vary much ; being entire or divided, petiolatcd or sessile, often feather- 
veined, occasionally with radiating venation, the extremities of the 
veins being forked. The fibro- vascular bundles of the leaves resemble 
those of the stem both in structure and arrangement. In Thallogens, 
the leaves when present have no vascular venation. In many of 
them, as Lichens, Fungi, and Algae, there are no true leaves. 

Phyllotaxis , or the Arrangement of the Leaves on the Axis . 

1 68. Leaves occupy various positions on the stem and branches, 
and have received different names according to their situation. Thus, 
leaves arising from the crown of the root, as in *tlie Primrose, are 
called radical; those on the stern are cauline; on the branches, ramal; 
on flower-stalks, floral leaves. The first leaves developed are deno- 
minated seminal (semen, a seed), or cotyledons (Korv'Kribu>v, a name given 
to a plant); and those which succeed are primordial ( primus , first, 
and or do, rank). 

1 69. The arrangement of the leaves on the axis and its appendages 

is called phyllotaxis a leaf, and ru*i S , order). In their 

arrangement leaves follow a definite order. It has been stated already 
(1 67) that there are regular nodes or points on the stem (fig. 195 n ) 
at which leaves appear, and that the part of the stem between the 
nodes is the intemode or menthol (fig. 195 ni). Each node is capable 
of giving origin to a leaf. Occasionally several nodes are approximated 
so as to form as it were one, and then several leaves may be produced 
at the same height on the stem. When two leaves are thus produced** 
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one on each side of the stem or axis, and at the same level, they are 
called opposite (fig. 196) ; when more than two are produced (figs. 168, 
197), they are verticil late ( verto , I turn), and the circle of leaves is then 



called a verticil or ivhorl. When leaves are opposite, the pairs which 
are next each other, hut separated by an internode, often cross at right 
angles (fig. 196 a b\ or decussate ( decusso , I 
cut crosswise), following thus a law of alter- 
nation. The same occurs in verticils, the 
leaves of each whorl being alternate with 
those of the whorl next to it ; or, in other 
words, each leaf in a whorl occupying the 
space between two leaves of the whorl next 
to it. There are considerable irregularities, 
however, in this respect, and the number 
of leaves in different whorls is not always 
uniform, as may be seen in Lysimachia 
vulgaris. 

170. When a single leaf is produced at a 
node, and the nodes are separated so that 
each leaf occurs at a different height on the 
stem, the leaves are alternate (fig. 198). 
The relative position of alternate leaves 
varies in different plants, although it is tolerably uniform in each 

Fig 1 95.— Portion of a branch of a Lime tree, iv 1th four leaves arranged In a distichous manner, 
or in two rows, a, The branch with the leaves numbered in their order, n being the node, and 
m the Internode or merithal. 5, Is a magnified representation of the branch, showing the 
cicatrices of the leaves and their spiral arrangement, which is expressed by 4 , or one turn of the 
spiral and two leaves. 

Fig J DC.— Opposite, decussate leaves of Pimelea decussata. u, A pair of opposite leaves. £>, 
Another pair placed at right angles. 

Fig. 197.— Leaves of Lysimachia vulgaris, in verticils or whorls of three. The leaves of each 
verticil alternate with those of the verticils next it. In tills plant the number of the leaves in a 
verticil often vaiies. 
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species. In fig. 195, leaf 1 arises from a node, n ; leaf 2 is separated 
by an internode or merithal, m, and is placed to the right or left; 
while leaf 3 is situated directly above leaf 1. The arrangement in this 
case is distichous (8if, twice, and or lx os, order), or the leaves are arranged 
in two rows. In fig. 199, on the other hand, the fourth leaf is that 
directly above the first, and the arrangement is tristichous (r^7 three, 
and itt I xos, order). The same arrangement continues throughout the 
stems, so that in fig. 199 the 7th leaf is above the 4th, the 10th above 
the 7th ; also the 5fch above the 2nd, 
the 6th above the 3rd, and so on. 

There is thus throughout a ten- 
dency to a spiral arrangement, the 
number of leaves in the spire or 
spiral cycle, and the number of 
turns varying in different plants. 

In plants whose leaves are close to 
each other, the spiral tendency is 
easily seen. In the Screw pine 
(Pandanus odoratissimus), in the 
Pine-apple family, and in some 
Palms, as Copernicia cerifera, the 
^crew-like arrangement of the leaves 
is obvious. This mode of develop- 
ment prevails in all parts of plants, 
and may be considered as depend- 
ing on their manner of growth in 
an upward and at the same time in 
a lateral direction. Alternation is 
looked upon as the normal arrangement of all parts of plants. This 
arrangement is liable to be interrupted by many causes, so that its 
distinct existence cannot be always detected. 

171. In a regularly -formed straight branch covered with leaves, if 
a thread is passed from one to the other, turning always in the same 
direction, a spiral is described, and a certain number of leaves and of 
complete turns occur before reaching the leaf directly above that from 
which the enumeration commenced. This arrangement has been 
reduced to mathematical precision,* and Braun has expressed it 
by a fraction, the numerator of which indicates the number of 
turns, an3 the denominator the number of leaves in the spiral cycle. 
Thus, in fig. 198 a h , the cycle consists of five leaves, the 6th leaf 



Fig. 198 —Part of a branch of a Cherry with six leaves, the 6th being placed vertically over the 
tirst, after two turns of the spiral. This Is expressed by $ or the quincunx, a. The branch, with 
the leaves numbered in order 6, A magnified representation of the branch, showing the cica- 
trices of the leaves or their points of insertion, and their spiral arrangement 
* For a full account of Phyllotaxis, see Bravais Mom sur la Disposition Gdometrique dea 
Feuillcs. Annales des Sciences Naturelles, Jan. and Feb 1837. 
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being placed vertically over the first, the 7th over the 2nd, and so 
on ; while the number of turns between the 1 st and 6th leaf is two : 
hence, this arrangement is indicated by the fraction In other 
words, the distance or divergence between the first and second leaf, 
expressed in parts of a circle, is £ of a circle, or 360 f =144°. 

In fig. 195, a the spiral is ue one 
turn and two leaves ; the third leaf 
being placed vertically over the first, and 
the divergence between the first and 
second leaf being one-half the circum- 
ference of a circle, 360 -h rr 180°. 
Again, in fig. 199, a 6, the number is i, 
or one turn and three leaves, the angular 
divergence being 120°, 

172. In cases where the internodes 
are very short, and the leaves .are closely 
applied to each other, as in the House- 
leek, it is diflictiFt to trace what has 
been called the generating spiral , or that 
which passes through every leaf of the 
cluster. Thus in fig. 200, there are 
thirteen leaves which are numbered in 
their order, and five turns^of the spiral 
marked by circles In the centre ( t 5 j indicating the arrangement) ; 
but this could not be detected at once. So also in Fir*cones (fig. 201), 
which are composed of scales or modified leaves, the generating spiral 
cannot be determined easily. In such cases, however, there are 
secondary spirals running parallel to each other, as is seen in fig. 201, 
where spiral lines pass through scales numbered 1, 6, 11, 16, &c., 
and 1, 9, 1 7, &c., and by counting those which run parallel in different 
directions, the number of scales intervening between every two in the 
same parallel coil may be ascertained. Thus, in fig. 201, it will be 
found that there are five secondary spirals running towards the right 
and parallel to each other, the first passing through the scales 1 , 6, 
11 , 16, &c. ; the second through 9, 14, 19, 24, &c. ; the third through 
37, 22, 27, 32, 37, &c. ; the fourth through 30, 35, 40, 45, &c. ; the 
fifth through 43, 48, 53, &c. The number of these secondary spirals 
indicates the number of scales intervening between every two scales 
in each of these spirals — the common difference being five. Again, 
it will be found on examination that there is a number of secondary 
spirals running to the left, in which the common difference between 
every two scales is eight, and that this corresponds to the number of 

Fig. ! 99 —Young plant of Cyperus eseulentus. with leaves tn three rows, or tristlchons, ex- 
pressed by the fraction or one turn and three leaves, a, The plant, with its leaves num errd 
hi their order, b, Magnified representation of the stem, showing the Insertion of the leaves ana 
their spiral arrangement 
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secondary spirals, the first of which passes through the scales 1, 9, 17, 
&c. ; the second through 6, 14, 22, 30, &c. ; the third through 3, 11, 
19, 27, 35, 43, and so on. Thus it is that, by counting the secondary 
spirals, all the scales may be numbered, and, by this means, the gene- 
rating spiral may be discovered. 




173. The primitive or generating spiral may pass either from right 

to left or from left to right. It sometimes follows a different direction 
in the branches from that pursued in the stem. When it follows the 
same course in the stem and branches, they are homodromons (fyeo/of, 
similar, and a course) ; when the direction differs, they are 

heterodromous (srego;, another.) In different species of the same genus 
the phyllotaxis frequently varies. 

174. Considering alternation as the usual leaf-arrangement, some 
have supposed that opposite leaves are owing to the development of 
two spirals in opposite directions, while others look upon them as pro- 
duced by two nodes coming close together without an internode. A 
verticil, in the latter view, will be the result of the non-development of 
more than one internode, and may occur in plants, the normal arrange- 
ment of whose leaves is alternate. Thus, in fig. 195, if the space 
between 1 and 2 were obliterated, or the internode, m, not developed, 


y , c +i 0f thi rteen leaves plueed closely together so as to form a rosette, as in Sem- 
Fn !? t ie r;y Bllort ax i 8 10 ™ lllch llle leaves are attached. The leaves are numbei ed 

, bel( ™[ upwards. The circles in the centre Indicate the five turns of the 
5-thirtmiths h0W ^ insert on of eacb of the leaveA The divergence iB expressed by the fraction 

^ >inu9 r a l^ ai wItb tb £, 8Cftlc9 or modified leaves numbered in the order of th-ir 
? tbe , as , 18 of tho °°f e ' ~ Tbe lines infi leate a rectilinear senes of scales, and two 

lateral secondary spirals, one turning from leit to light, the other from right to left * 
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the leaves would be opposite. In fig. 198, if the spaces between each 
of the leaves were obliterated, there would be a verticil of five leaves. 
In many plants there is a law of arrestment of development, by which 
opposite and vertioillate leaves are naturally produced : but in such 
cases the alternation is still seen in the arrangement of the different 
clusters of leaves. 

175. In some cases, the effect of interruption of growth, in causing 
alternate leaves to become opposite and verticillate, can be distinctly 
shown, as for instance in Rhododendron ponticum. In other cases, 
parts which are usually opposite or verticillate, become alternate by 
the vigorous development of the axis : and on different parts of the 
same stem, as in Lysimachia vulgaris, there may be seen alternate, 
opposite, and verticillate leaves. When the interruption to develop- 
ment takes place at the end of a branch, the leaves become fasciculate 
( fasciculus , a bundle) or clustered, as in the Larch. A remarkable 
instance of the shortening of internodcs, and the clustering of leaves, 
occurred in the Palm house of the Botanic Garden of Edinburgh, in 
the case of a Bamboo which was exposed for many months to a low 
temperature, du^ng the time that the roof of the house was being 
renewed. The plant had been growing rapidly, with its internodes 
of the usual length, but it was suddenly arrested near the summit, 
the internodes became gradually shortened, till the nodes were close 
to each other, and the leaves came off* in bunches. All modifications 
of leaves follow the same laws of arrangement as true leaves — a fact 
which is of importance in a morphological point of view. 

176. In Exogenous plants, the first leaves produced, or the 
cotyledons, are opposite. This arrangement often continues during 
the life of the plant, but at other times it changes. Some tribes of 
plants are distinguished by their opposite or verticillate, others by 
their alternate, leaves. Labiate plants have decussate leaves, while 
Boraginacese have alternate leaves, and Tiliaccse have distichous leaves 
in general; Cinchonaceas have opposite leaves; Galiaceae, verticillate. 
Such arrangements as f , y’j, and 2 8 -, are common in Exogens. The 
first of these, called quincunx ( quincunx , an arrangement of five), is 
met with in the Apple, Pear, and Cherry (fig, 198); the second, in 
the Bay, Holly, Plantago media; the third, in the cones of Pinus 
alba (fig. 201); and the fourth, in those of the Pinus Picea. In En- 
dogenous plants, there is only one seed-leaf or cotyledon produced, 
and hence the arrangement is at first alternate ; and it generally con- 
tinues so more or less. Such arrangements as \ \r (fig. 199), and 
are common in Endogens, as in Grasses, Sedges, and Lilies. In 
Acrogens, the leaves assume all kinds of arrangement, being opposite, 
alternate, and verticillate. It has been found in general that, while 
the number 5 occurs in the phyllotaxis of Exogens, 3 is comiuon in 
that of Endogens. 
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177. Although there is thus, in the great divisions of the vegetable 

kingdom, a tendency to certain definite numerical arrangements, yet 
there are many exceptions. In speaking of Palms, which are endogenous 
plants, Martius states that the leaves of different species exhibit the 
following spirals — In the species of the 
genus Finns, *R|, s 8 ,, occur. Thus, while it has been 

shown that the phylloplastic (<pfaKo», a leaf, and x^-moV, formative), 
or leaf-formative power, moves in a spiral round the axis, it has been 
found impossible to apply phyllotaxis satisfactorily to the purposes of 
classification. 

178. The spiral arrangement of the leaves allows all of them to be 
equally exposed to air and light, and thus enables them to carry on 
their functions with vigour. The form of the stem is also probably 
connected with the leaf arrangement. M. Cagnat has remarked that 
an analogy in arrangement of leaves and character of sterrr may be 
traced. The leaves of juniper are in verticils of three, and the pith 
is triangular ; the leaves of cypress being opposite, the pith presents 
the form of a cross. When leaves are opposite and decussate, the 
stems are often square, as in Labiate plants. The ordinary rounded 
stem appears to be associated with a certain degree of alternation in 
the separate leaves, or in the different pairs of leaves when they are 
opposite. 

179. The study of the structure, forms, and arrangement of leaves, 
‘is of great importance, when it is considered that all parts of plants 
are to be looked upon as leaf-formations variously modified, in order 
to serve special purposes in the economy of vegetation. Ihe morpho- 
logical relations of leaves, or the varied forms which they assume, will 
be illustrated during the consideration of the organs of reproduction, 
?and of the doctrine of metamorphosis, as propounded by Goethe and 
Mothers. It is only by looking upon all the organs of plants in their 
Relation to the leaf as a type, that a philosophical view can be given 
j5>f the great plan on which they have been formed. 

Leaf-buds. 

180 . i>raf-bu<is contain the rudiments of branches, and are found 
jin the axil of previously-formed leaves (fig. 202 ba, ba , ba)', or, 
gtn other words, in the angle formed between the stem and leaf. 
pThey are hence called axillaiy , and may be either terminal , b t, or 
jateral, b a. In their commencement, they are cellular prolongations 
|from the medullary rays bursting through the bark. The central 
Cellular portion is surrounded by spiral vessels, and is covered with 
Rudimentary leaves. In the progress of growth, vascular bundles are 
^prmed continuous with those of the stem ; and, ultimately, branches 
ita produced which in every respect resemble the axis whence the 
3uds first sprung. The cellular portion in the centre remains as pith 

r? 
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with its medullary sheath, which is closed and not continuous with 
that of the parent stem. Thus, in the stem and branch, this sheath 
forms a canal which is closed at both extremities, 
and which sends prolongations of spiral vessels to 
the leaves. As the axis or central portion of the 
leaf-bud increases, ctdlular projections appear at 
regular intervals, which are the rudimentary 
leaves. 

181. A leaf-bud may be removed in a young 
state from one plant and grafted upon another, 
by the process of budding , so as to continue to 
form its different parts; and it may even be made 
**** to grow in the soil, in some instances, immedi- 
ately after removal. In certain cases, leaf-buds 
are naturally detached during the life of the 
parent, so as to form independent plants, and 
202 thus propagate the individual. Leaf-buds have 

on this account been' called fixed cmbjyos , by Petit-Thouars and 
others. They are embryo plants fixed to the axis, capable of 
sending stems and leaves in an upward direction, and woody fibres 
downwards, which, according to some, may be considered as rodts. 
A tree may be said to consist of a series of leaf-buds, or phytons (<Ff rw, 
a plant), attached to a common axis or trunk. In ordinary trees, in 
which there is provision made for the formation of numerous lateral 
leaf-buds, any injury done to a few branches is easily repaired ; but 
in Palms, which only form central leaf- buds, and have no provision for 
a lateral formation of them, an injury inflicted on the bud in the axis 
is more likely to have a prejudicial effect on the future life of the plant. 

182. In the trees of temperate and cold climates, the buds which 
are developed during one season lie dormant during the winter, ready 
to burst out under the genial warmth of spring. They are generally 
protected by external modified leaves in the form of scales , tegmenta 
or penilce ( tegmenta , coverings, pjerulce , small bags), which are of a 
firmer and coarser texture than the leaves themselves. These Scales 
or protective appendages of. the bud, consist dther of the altered 
laminae, or of the enlarged petiolary sheath, or of stipules, as in the 
Fig and Magnolia, or of one or two of these parts combined. They 
serve a temporary purpose, and usually fall off sooner or later after 
the leaves are expanded. The bud is often protected by a coating of 
resinous matter, as in the Horse-chestnut and Balsam poplar, or by a 
thick downy covering, as in the Willow. Linnaeus called leaf-buds 
hibernacula, or the winter quarters of the young branch. 

183. In the bud of a common tree, as the Sycamore (fig, 208), 

Fig. 202.— Upper portion of a branch of Lonicera nigra In a state of hibernation, that to to say, 
after the fall or the leaves; covered -with leaf- buds, b t, A terminal bud. b a, b a, 6 a, Axillary 
lateral bud*. Below the buds, tlie cicatrix or scar left by the fallen leaves to seen. 
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there is seen the cicatrix left by the leaf of the previous year, c, with 
the pulvinus or swelling, p, then the scales, e e , arranged alter- 
nately in a spiral manner, and overlying each other in what is called 
an imbricated (imbrex, a roof tile) manner. On making a transverse 
section of the bud (fig. f 


204), 4he overlying 
scales, e e e e, are dis- 
tinctly seen surround- 
ing the leaves, /, which 
are plaited or folded 
round the axis or grow- 
ing point. In plants of 
warm climates, the buds 
are often formed by the 
ordinary leaves without 
any protecting append- 
ages; such leaves are 
called naked. 




184. vernation. — The arrangement of the leaves in the bud has 
been denominated vernation ( ver , spring), or preefoliation (pros, before, 
and folium, leaf), or gemmation (gemma, a bud). This differs in 
different plants, but in each species it follows a regular law. The 
leaves in the bud are either placed simply in apposition, as in the 
Mist’eto, or they are folded or rolled up longitudinally or laterally, 
giving rise to different kinds of vernation, as delineated in fig. 205 
a — n, where the dot represents the axis, and the folded or curved 
lines, the leaves with the thickened part indicating the midrib ; figs. 
a and g , beincr vertical sections; b — -f and h — n, horizontal. 

185. The leaf taken individually, is either folded longitudinally 
from apex to base (fig. 205 a), as in the Tulip-tree, and called recli - 
nate ; or rolled up in a circular manner from apex to base, as in Ferns 
(fig. 205 g), and called circinate ( circino , I turn round); or folded 
laterally, conduplicate, as in Oak (fig. 205 b ) ; or it has several folds 
like a fan, plicate or plaited, as in Vine and Sycamore (figs. 204/ 205 
c), and in leaves with radiating venation, where the ribs mark the 
foldings ; or it is rolled upon itself, convolute or supervolute , as in 
Banana and Apricot ffig. 205 d) ; or its edges are rolled inwards, 
involute , as in Violet (fig. 205 e) ; or outwards, revolute, as in Rose- 
mary (fig. 205/). The different divisions of a cut leaf may be folded 
or rolled up separately, as in Ferns, while the entire leaf may have 
either the same or a different kind of vernation. 


Fig. 203.— Leaf-bud of Acer pseudo-platanus covered with scales, r, The branch. />, Pulvinn* 
or swelling at the base of the leaf which has fallen, leaving a scar or cicatricula, c, in which the 
remains of three vascular bundles are seen, e e , Imbricated scales of the bud. 

Fie 204,— Transverse section of the same leaf-bud. e e e e, The scales arranged in an imbri- 
cated manner, like the tiles on a house. /, The leaves folded in a plaited manner, exhibiting 
plicate vernation. 
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186, Other kinds of vernation receive their names from the ar- 
rangement of the leaves in the bud, taken as a whole. Leaves in the 


abed t f g 



h t k l m n 



bud are opposite, alternate, or verticillate; and thus different kinds 
of vernation are produced. Sometimes they are nearly in a circle at 
the same level, remaining flat, or only slightly convex externally, and 
placed so as to touch each other by their edges ; thus giving rise to 
valvate vernation (fig. 205 h). At other times they are at different 
levels, and are applied over each other, so as to be imbricated , as in 
Lilac, and in the outer scales of Sycamore (figs. 203, 204) ; and occa- 
sionally the margin of one leaf overlaps that of another, while it, in 
its turn, is overlapped by a third, so as to be twisted or spiral (fig. 
205 i). When the leaves are more completely folded, they either 
touch at their extremities (fig. 205 &), or are folded inwards by their 
margin, and become induplicate (fig. 205 /) ; or a conduplicate leaf 
covers another similarly folded, while it covers a third, and thus the 
vernation is equitant (riding), as in Privet (fig. 205 m)\ or condupli- 
cate leaves are placed, so that the half of the one covers the half of 
another, and thus they become half-equitant or obvolute , as in Sage 
(fig. 205 n). The scales of a bud sometimes exhibit one kind of 
vernation, and the leaves another (fig. 204). The same modes of 
arrangement occur in the flower-buds, as will be afterwards shown. 

187. Leaf-buds, as has been stated, are either terminal or lateral. 
By the production of the former (fig. 202 b t ), stems increase in 
length, while the latter ( fig. 202 b a, b a, b a) give rise to branches, 
and add to the diameter of the stem. The terminal leaf-bud, after 
producing leaves, sometimes dies at the end of one season, and the 


Fig. 205.— Figures to show the different kinds of vernation, a— g, The folding of ttWlvidiml 
leaves; a and g being vertical sections, bede and /, beirfg horizontal «, Redinate, fc, Ccn- 
duplicate. c, Plicate, of, Convolute, e. Involute. /, Revolute, g, Circinate, A— Folding of 
leaves when united together in the leaf-hud. The sections ore horizontal or transverse, and 
show the relative position of the leaves, and the mode in which each of them is folded. A, Val- 
vate. «, Twisted or spiral, k , Opposite or accumbent, with the margins reduplicate. /, Indtph- 
eate. m, Equitant. «, Obvolute or half-equitant. in all the figures, the thickened portion indi- 
cates the nudnb of the leaf and the dot marks the position of the axis. 
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whole plant, as in annuals, perishes ; or part of the axis is persistent, 
and remains for two or more years, each of the leaves before its decay 
producing a leaf-bud in its axil This leaf-bud continues the growth 
in spring. 

188. In some trees of warm climates, as Cycas, Papaw-tree, Palms, 
and Tree ferns, the production of terminal buds is well seen. In these 
plants, the elongation of the stem is generally regular and uniform, so 
that the age of the plant may be estimated by its height. Such stems 
(often endogenous) may thus be considered as formed by a series of 
terminal buds, placed one over the other. From this mode of growth 
they do not attain a .great diameter (fig, 115, 1). In other trees, 
especially Exogens, besides the terminal bud there are also lateral 
ones. These, by their development, give rise to branches (rami'), from 
winch others called bronchitis or twigs (ranmli) arise. Such buds 
being always produced in the axils of leaves, are of course arranged 
in the same manner as the leaves are. By the continual production 
of lateral leaf-buds, the stem of exogenous plants acquires a great 
diameter. 

189. Although provision is thus made for the regular formation of 
leaf- buds, there are often great irregularities in consequence of many 
being abortive, or remaining in a dormant state Such buds are 
called latent , and are capable of being developed in cases where the 
terminal bud, or any of the branches, have been injured or destroyed. 
In some instances, as in Firs, the latent buds follow a regular system 
of alternation ; and in plants with opposite leaves, it frequently hap- 
pens that the bud in the axil of one of the leaves only is developed, 
and the different buds so produced are situated alternately on opposite 
sides of the stem. 

190. When the terminal leaf is injured or arrested in its growth, 
the elongation of the main axis stops, and the lateral branches often 
acquire increased activity. By continually cutting off the terminal 
buds, a woody plant is made to assume a busby appearance, and thus 
pollard trees are produced. Pruning has the effect of checking the 
growth of terminal buds, and of causing lateral ones to push forth. 
The peculiar bird-nest appearance often presented by the branches of 
the common Birch, depends on an arrestment in the terminal buds, a 
shortening of the internodes, and a consequent clustering or fascicula- 
tion of the twigs. In some plants there is a natural arrestment of the 
main axis after a certain time, giving rise to peculiar shortened stems. 
Thus^the crown of the root (^j 70) is a stem of this nature, forming 
buds and roots. Such is also the case in the stem of Cyclamen, 
Testudinaria elephantipes, and in the tuber of the potato. The pro- 
duction of lateral in, place of terminal buds, sometimes gives the stem 
a remarkable zigzag aspect. 

191. In many plants with a shortened axis, the lateral buds produce 
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long brandies. Thus the flagellum ( flagdlum, a whip or twig), or 
limner of the Strawberry and Ranunculus, is an elongated branch, 
developing buds as it runs along the ground ; the propagulum ( pro - 
pagOy a shoot), or offset, is a short thick branch produced laterally in 
fleshy plants from a shortened axis, and developing a bud at its ex- 
tremity, which is capable of living when detached, as in Houseleek. 
Fig. 206 represents a strawberry plant in which a! is the primary axis, 
ending in a cluster of green leaves, r , and some rudimentary leaves, 
f and not elongating ; from the axil of one of the leaves proceeds a 
branch or runner, a", with a rudimentary leaf, f about the middle, 
and another cluster of leaves, /and r, forming a young plant with roots ; 
from this a third axis comes off, o'", and so on. In many instances 

the runner decays, and the 
young plant assumes an inde- 
pendent existence. Gardeners 
imitate this in the propaga- 
tion of plants by the process 
of layering , which consists in 
f , bending a twig, fixing the 
a central part of it into the 
ground, and, after the pro- 
duction of adventitious roots, 
cutting off its connection with 
the parent. 

192. Whe# the stem creeps along the surface of the ground, as in 
the Rhizome (fig. 90), or completely under ground, as in the Soboles 
or creeping stem (fig. 91), the terminal bud continues to elongate 
year after year, thus making additions to the axis in a horizontal 
manner. At the same time buds are annually produced on one side 
which send shoots upwards and roots downwards. Thus, in fig. 91 
(soboles of a Rush), r is the extremity of the axis or terminal bud, f e 
the leaves in the form of scales, p a the aerial shoots or branches, t t 
being the level of the ground. Again, in fig. 90 (rhizome of Solomon’s 
seal), a is the terminal bud which has been formed subsequently to b , 
b the bud which has sent up leaves, and which has decayed, c c being 
the scars left by the similar buds of previous seasons. 

193. Aerial and Subterranean JLeaf-bud*. — According to the nature 
of the stems, leaf-buds are either aerial or subterranean; the former 
occurring in plants which have the stems above ground, the latter 
in those in which the stems are covered. In the case of Asparagus 
and other plants which have & perennial stem below ground^ eub- 

Flg. 206. — Flagellum, or Runner of the Sti •wherry, o', One axis which has produced a cluster 
of leaves, the upper, r, green, the lower, /, rudimentary From the axil of one of the latter, a 
second axis, a", arises, bearing about the middle a rudimentary leaf, /, and a cluster of leaves, 
r, partly green, and partly rudimentary, at its extremity. From the axil of one of the leaves of 
thisemter, a third axis, a'", pioceeds. 
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terranean buds are annually produced, which appear above ground 
as shoots or branches covered with scales at first (fig. 110 Z), and 
ultimately with true leaves. The young shoot is called a Turio ( turio , 
a young branch). These branches are herbaceous and perish an- 
nually, while the true stem remains below ground ready to send up 
fresh shoots next season. In Bananas and Plantains, the apparent 
aerial stem is a shoot or leaf-bud sent up by an underground stem, aud 
perishes after ripening fruit. In some plants, several branches are sent 
up at once from the underground stem, in consequence of a rapid 
development of lateral as well as terminal buds ; and in such cases the 
lateral ones may be separated as distinct plants in the form of suckers 
(surculi). The potato is a thickened stem or branch capable of 
developing leaf-buds, which in their turn form aerial and subterranean 
branches, the former of which decay annually, while the latter remain 
as tubers to propagate the plant. Thus, in fig. 92, s s is the surface of 
the soil, p a is the aerial portion of the potato covered with leaves, t is 
the subterranean stem or tuber covered with small scales or projections, 
as represented at t b , from the axil of which leaf-buds are produced. 
This provision for a symmetrical development of axillary leaf-buds at 
once distinguishes the tuber of the potato from fleshy roots, like those 
of the Dahlia. 

194. Bulb. — A good example of a subterranean bud occurs in the 
Bulb, as seen in the Hyacinth, Lily, and Onion. This is a*ubterranean 



leaf-bud covered with scales, arising from a shortened axis. From the * 
centre of the bulb a shoot or herbaceous stem is produced which dies 

Fig. ^07.— Tunicafed bulb of Allium Porrnm, or the Leek, r. Hoots, p, A circular disc, or 
shortened stem intervening between the roots and the bulbous swelling, e e, Scales, or subter- 
ranean modified leaves, f, Upper leaves which become green. 

Fig. 208.— Veitical section of the tunicated bulb of the Leek. The letters indicate the same 
parts as in the last figure, 6, Bud situated in the axil of a scale, which, by its development forme 
a new bulb. 

Fig. 20S.— Scaly or naked bulb of Ullum album, r, Roots, etc, Scales or modified under- 
ground leaves. *, The stem cat 
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down. New bulbs, or cloves as they are called, are produced from 
the subterranean axis. At the base of the scales there is a flat- 
tened disc, varying in thickness, which is formed by the base of the 
buds, and which hhs sometimes been called the stem. The parts of 
the bulb are seen in fig. 207, where p marks the disc or round flat 
portion formed by the bases of the lateral buds front which the fasci- 
culated roots, r, proceed, e the scales or modified leaves, and /the true 
leaves. In the vertical section (fig. 20b), b is the new bulb formed like 
a bud in the axil of a scale. The new bulb sometimes remains attached 
to the parent bulb, and sends up an axis and leaves ; at other times it 
is detached in the course of growth, and forms an independent plant. 
The new bulbs feed on the parent one, and ultimately cause its 
absorption. The scales are sometimes all fleshy, as in the scaly or 
naked bulb of the white ldy (fig 209 e e c), or the outer ones are thin 
and membranous, overlapping the internal fleshy ones, and forming a 
tunicated bulb , as in the Onion, Squill, and Leek (fig. 207). 

195. The Conu (xo^of, a stump) has already been noticed under 
the head of subterranean stems (^[ 70, fig. 93). It may be considered 
as a bulb in which the central portion or axis is much enlarged, while 
the scales are reduced to thin membranes. Some have called it a 
solid bulb, A,Corm may be generally distinguished from a Bulb, by 
a transverse section of the latter presenting a seiies of circles, equal in 
number to the fleshy scales arranged around its central axis. It is 
seen in the Tulip, Colehicum, Crocus, and Gladiolus, It produces 
either terminal buds, as in Gladiolus and Crocus, in which several 
annual additions to the conn remain attached together, and the newly 
produced conns come gradually nearer and nearer to the surface of 
the soil ; or lateral buds, as in Colehicum, represented at fig. 93, where 
r indicates the roots, / the leaf, a* the stem or axis of the preceding 
year withered, a ff the secondary axis, or the stern developed during 
the year, and taking the place of the old one, and which, in its turn, 
will give origin to a new axis, a'", on the opposite side, according to 
the law of alternation. The new axes or conns being thus produced 
alternately at either side, there is very little change in the actual 
position of the plant from year to year. Bulbs and conns contain a 
store of starch and of other substances, for the nourishment of the 
)oung plants. 

190. Anomalies and Transformation** of X,rnf-buils. — Leaf-buds arise 
from the medullary system of the plant, and in some instances they 
are found among the cellular tissue, without being in the axil of leaves. 
Jn this case they are extra axillary , and have been called adventitious 
or abnormal . Such buds are produced after the stem and leaves have 
been formed, and in particular circumstances they arc developed like 
normal buds. What have been called embryo-buds, are woody nodules 
s$en in the bark of the Beech, Elm, and other trees. They are looked 
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upon as partially developed abnormal buds, in which the woody matter 
is pressed upon by the surrounding tissue, and thus acquires a very 


hard and firm texture. When a section is made, 
they present woody circles arranged around a* 
central pith, and traversed by medullary raj's 
(tig. 210). The nodules sometimes form knots 
on the surface of the stem, at other times they 
appear as large excrescences , and in some case-- 
twigs and leaves are produced by them. Some 
consider embryo-buds as formed by layers ol 
woody matter, which originate in the sap con- 



veyed downward by the bark and cambium cel!s, and are deposited 


round a nucleus or central mass. 


107. Leaf-buds sometimes become extra-axillary (fig. 211 b ), in 
consequence of the non-appearance or abortion of one or more leaves, 
Or on account of the adhesion of the young branch to the parent stem. 
In place of one leaf-bud, there are occasionally several accessory ones 
produced in the axil, giving origin to numerous branches (fig 212 b). 



Such an occurrence is traced to the presence of latent or adventitious 
buds. Fig. 211 represents a branch r, of walnut, p the cut petiole, 
and b two buds, of which the upper is most developed, while fig. 212 
exhibits a branch of Louicera tartarica, with numerous buds, in the 
axil of the leaves, the lowest of which are most advanced. By the 
union of several such leaf-buds, branches are produced having a 
thickened or flattened appearance, as is seen in the Fir, Asb, and 
other trees. These fasetated ( fascia , a band) branches, in some cases, 
however, ape owing to the abnormal development of a single bud. 


Fig. 210.— Vertical section of a nodule, «, or embrvo-bud embedded in the bark of the Cedar. 
It foirns a projection on the suiface. The woody 1. v, . . f,.|. , ^ round a kind of pith. 

Fig 211.- I’m tion of a branch, r, of the waitin' . «.m- s j! . petiole, jo, of a leaf which has 
been cut In the axil of the leaf, several buds, b, ate produced, the highest of which are most 
developed. 

Fig. 212.— Fortion of a branch, r, of Lonicera taitarlea, bearing two opposite leaves, one of 
which has been cut, the othei, /, being pieserved. In the axil of the leaves, clusters of buds, b, 
ate seen, the lowest of which are rnoBt developed. 
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198. In the axil of the leaves of Lilium bulbiferma, Dentarra 
bulbifera, and some other plants, small 
conjcal or rounded bodies are produced 
W^J called bulbils or butblets (fig. 213 b b b ). 

m/ They resemble bulbs in their aspect, and 

JffiijL eonsi^ of a small number of thickened 

|||Ju scales enclosing a growing point. These 

scales are frequently united closely together 
^ *nfc |tF so as to form a .solid mass. Bulbils are 

therefore transformed leaf-buds, which are 
f easily detached, and are capable of pro- 
wl ducing young plants when placed in favour- 

213 able circumstances. 


199. Occasionally leaf- buds are produced naturally on the edges 
of leaves, as in Bryophyllum calycinum and Malaxis paludosa (fig. 
214), and on the surface of leaves, as in Ornithogalum thyrsoideuni 
(fig. 215). These are capable of forming independent plants. Similar 

buds are also made to ap- 



pear on the leaves of Ges- 
nera, Gloxinia, and Achi- 
menes,by wounding various 
parts of them, and placing 
them in moist soil ; this is 
the method often pursued 
by gardeners in their pro- 
pagation. The cellular 
tissue near the surface of 
plants, seems therefore to 
have the power of develop- 


ing abnormal leaf-buds in certain circumstances. Even roots, when 


long exposed to the air, may thus assume the functions of stems. 
Leaves bearing bud9 on their margin, are called proliferous ( proles , 
offspring, and j'ero, I bear). 

200. Spine* or Thorns. — Branches are sometimes arrested in their 


development, aid, in place of forming leaves, become transformed into 
spines and tendrils . Spines or thorns are undeveloped branches, ending 
in more or less pointed extremities, as in the Hawthorn. Plants which 
have spines in a wild state, as the Apple and Pear, often lose them 
when cultivated, in consequence of their being changed inti branches ; 
in some cases, as in Prunus spinosa, or the Sloe (fig. 216), a branch 


FJg 218.— Portion of the stem of Lilium bulbiferum with three alternate leaves,///, and three 
bulbils or bnlblets, b b 6, In tlieir axils. 

Fig. 214.— Extremity of a leaf, Z, of Malaxis paludosa, the margin of which is covered with 
adventitious buds, b b\ thus becoming proliferous. 

Fig. 21E, — Portion of the blade of a leaf; /, of Ornithogalum thvrsoideum, on the surface of 
which in « developed adventitious or abnormal buds, bbbb % some ol which are large. 
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bears leaves at its lower portions, and terminates in a spirit Leaves 
themselves often become spiny by the hardening cf their midrib or pri- 


mary veins, and the diminution r yrj 
or absence of parenchyma, as in \ n 2^2/ 

Astragalus massiliensis(fig.21 7 r), s 

where the midrib becomes spiny 
after the fall of some of the leaf- 

lets ; in the Holly, where all the V, / /^ 

veins are so; and in the Barberry \\ Jr \ 

(fig. 218), where some of the P/vS 

leaves, fff are produced in the hi F 5 K. 

form of spiny branches, with f ^7 J ' ^ 

scarcely any parenchyma. In 

place of producing a lamina or V M rffif A ^ 

blade at its extremity, the petiole \’\J Ijf 

sometimes terminates in a spine. ** ^ 

Stipules are occasionally trans- 
formed into spines, as in Robinia pseudo-acacia (fig. 219, s s), 
such is also the case with the swelling or pulvinus at the base of 





*■» 219 820 

leaf, as in llibes Uva-crispa (fig. 220, c c c). Branches are sometimes 


Fig. 216 — Branch of Prunes spinosa, or Sloe, with alternate leaves, and ending In a spine or 
thorn. 

Fig. 217.— Pinnate leaf of Astragalus massilicnsis, the mldrih of which, r, ends in a spine. a 
Petiolarv stipules. /, Nine pairs of leaflets. 

Fig. 218 —Branch of Berberis vulgaris, or Barberry, the leaves of which,///, are transformed 
into branching spines. In the axil of each, a cluster, r r r, of regularly formed leaves is developed. 

Fig 219.— Base of the pinnate leaf of Robinia pseudo-acacia, the stipules of which, is. are con- 
verted into spines or thorns b , Branch, r, Petiole 

F l R 22 J? T Branch of RH>es Uva-crispa, in which the pnlvinus or swelling, e c c, at thehaso of 
each ot the loaves, / ff, is changed into a spine, which is either simple, or double, or triple. & 
Leaf-buds arising from the axil of the leaves. * * 
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arrested in their progress at an early state of their development, and 
do not appear beyond the surface of the stem ; at other times, after 
living grown to a considerable size, they undergo decay. In both 
instances, the lower part of the branch becomes embedded and 
hardened among the woody layers of the stem, and forms a knot. 

201. Tendrils. — A leaf-bud is ^pmetimes developed as a slender spiral 
or twisted branch, called a tendril or cirrhns (cirrus, a curl), as in the Pas- 
sion-flower, in which the lateral buds are thus altered with the view of 
enabling the plant to climb. When tendrils occupy the place of leaves, 
and appear as a continuation of the leaf-stalk, they are called petiolary, 
as in Lathyrus Aphaca, in which the stipules perform the function of 
true leaves. In Flagellaria indica, Mctbonica snperba, Anthericum 
cirrhatum, and Albuca cinhata, the midrib of the leaf ends in a ten- 
dril; and in Vetches, the terminal leaflet, and some of the lateral ones 
at the extremity of their pinnate leaves, are changed, so as to form a 
branching tendril. In the Vine, the tendrils are looked upon as the 
terminations of separate axes, or as transformed terminal buds. In 
this plant there are no young buds seen in the angle between the stem 
and leaves, nor between the stem and tendrils; and the latter are not 
axillary. Fig. 221 represents the branch of a Vine, in which a' is the • 

primary or first formed aixis, 
ending in v\ a tendril or al- 
tered terminal bud, and 
having a leaf, /', on one side. 
Iietween this leaf and the 
tendril which represents the 
axi% a leaf-bud was formed 
a i an early date producing 
t lie secondary axis, or branch, 
a", ending in a tendril, v\ 
with a lateral leaf, f \ from 
which a tertiary axis or 
branch, d ", was de\ eloped, 
ending in a tendril v", and 
so on. 

202. Tendrils twist in a 
spiral manner, and enable 
the plants to rise into the 
air by twining round other 
plants. The direction of the 
spiral frequently differs from 



Fig. 221 —Portion of a binnrli of (lie Vine (Vifis vi'iicro). o', First axis, terminated by a 
tendril or clrihus, r\ which irutirn s a iutn.il iiob.t, 1 1 . ; ■ d l « r r- . 1 1« .t y F*' :r O r r-'.il of this 
leaf, a second axis, comes oil, w ln< li m*i ms to 1-c < 1 ■ the 1 . - , 1 1 - :u miuut' d 

also by a tendril, v’\ bearing a leaf, /" l iom the axil of this second leaf, a tlmci axis, a'", urlBes, 
terminated by a tendril, v"\ and leanng a leaf, from the axil of which a fourth axis, a"", 
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that of the climbing stem, producing the tendril. In the Vine, the lower 
part of the stem is strong, and needs no additional support ; the tendrils 
therefore occur only in the upper part where the branches are soft, aw} 
require aid to enable them to support the clusters of fruit. In Vanilla 
aromatica, the vanille plant, tendrils are produced opposite the leaves, 
until the plant gains the top of the^rees by which it is supported ; 
the upper tendrils being then developed as leaves. The midrib is 
sometimes prolonged in a cup-like form; this is occasionally seen in 
the common cabbage, and seems to depend on the vascular bundles 
of the midrib spreading out at their extremity in a radiating manner, 
and becoming covered with parenchyma in such a way as to form a 
hollow cavity in the centre. 

Special Functions of Leaves, 

203. Leaves expose the fluids of the plant to the influence of air 
and light, and their spiral arrangement enables them to do so effectu- 
ally. They are concerned in the elaboration of the various vegetable 
secretions, in the formation of wood, and in the absorption of fluid 
and gaseous matters. A plant, by being constantly deprived of its 
leaves, will ultimately be destroyed. On this principle, weeds, with 
creeping stems and vigorous roots, which are with dilHculty eradicated, 
may be killed. In the cells of the leaves changes take place under 
the agency of light, by wlticli oxygen is given off and carbon fixed. 
These will be considered unde/ the head of vegetable respiration . The 
absorption of carbonic acid and of fluids is carried on by the leaves, 
chiefly through their stomata, according to Bonnet, who found that 
absorption was rapidly rtlectcd by the under surface of ordinary 
leaves in which the cuticle is thinnest, cellular tissue least condensed, 
and stomata most abundant; the upper surface of the leaf usually 
presenting a polished and dense epidermis, and having few stomata, 
taking little part in such a process. Hoffman * has carried these 
researches farther, and ascertained that leaves absorb fluids in large 
quantities ; that during a kill of rain the vegetable fluids undergo 
from such a cause a process of dilution, leading to at#immediate and 
more rapid descent of sap, which under such circumstances is capable 
of general diffusion throughout the several vegetable tissues. Some 
physiologists have expressed doubts as to absorption being carried on 
by the leaves in ordinary circumstances. Leaves, it has been shown, 
absorb gaseous matters. Saussure states that oxygen is absorbed by 
the leaves during night, the quantity varying according to the nature 
of the plant. Boussingault j has found that the leaves of the Vine 
absorb carbonic acid from the air. Other experiments prove that 

* Hoffman on Circulation of Snp, Scientific Memoirs Nat Hist i. 46. 

t Boussingault, Lconomie Rurale, L 66. 
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ammonia and nitrogen are similarly acted on. Leaves also give off 
gases and fluids by a process of exhalation or transpiration. Car- 
kgnic acid, to a moderate extent, is exhaled during darkness, and a 
large quantity of fluid is given off by transpiration. The number and 
size of the stomata regulate the transpiration of fluids, and it is modi- 
fied by the nature of the epidermis. The absorbing power of leaves 
depending on similar causes, is capable of being increased by any 
process which removes either natural or imposed obstructions to the 
free action of their surface. It is thus that rain, while supplying 
the material for absorption, at the same time renders the leaf more 
capable of such action. In plants with a thick and hard epidermal 
covering, exhalation is less vigorous than in those where ll is thin and 
soft. Some succulent plants of warm climates have a very thick 
covering. The peculiar character of the leaves or phyllodia of 
Australian plants, is probably connected with the dry nature of the 
climate. While heat acts in promoting evaporation, the process of 
transpiration is more under the influence of light. It assists the pro- 
cess of endosmose, by rendering the fluid in the cells thicker, and 
thus promotes the circulation of sap. 

204. The quantity of fluid exhaled varies in amount in different 
plants. A- Sunflower three feet high, gave off twenty ounces of 
watery fluid daily. Hales found that a Cabbage, with a surface of 
2,73G square inches, transpired at an average nineteen ounces; a 
Vine, of 1,820 square inches, from five to *six ounces. Experiments 
on exhalation may be made by taking a fresh leaf with a long petiole, 
putting it through a hole in a card which it exactly fits, and applying 
the card firmly and closely to a glass tumbler, about two-thirds full 
of water, so that the petiole is inserted into the water, then inverting 
an empty tumbler over the leaf, and exposing the whole to the sun, 
the fluid exhaled will be seen on the inside of the upper tumbler. 
The experiment may be varied by putting the apparatus in darkness, 
when no exhalation takes place, or in diffuse daylight, when it is less 
than in the sun’s rays. This process of exhalation imparts moisture 
to the atmosphere, and hence the difference between the air of a 
wooded country and that of a country deprived of forests. The cells 
in the lower side of a leaf where stomata exist, are chiefly concerned 
in the aeration of the sap, whilst other assimilative processes go on in 
the upper cells. 

205. Leaves, after performing their functions for a certain time, 
wither and die. In doing so, they frequently change colour, and 
hence arise the beautiful and varied tints of the autumnal foliage. 
Tliis change of colour is chiefly occasioned by the diminished circula- 
tion in the leaves, and the higher degree of oxidation to which their 
chlorophylle has been submitted. Leaves which are articulated with 
the stem, as in the Walnut and Horse-chestnut, fall and leave a scar. 



FUNCTIONS OF NUTRITIVE ORGANS. 


lit 


while those which are continuous with it remain attached for some 
time after they have lost their vitality, as in the Beech. Most of the 
trees of this country have deciduous leaves, their duration not extend- 
ing over more than a few months ; while in trees of warm climates, 
the leaves often remain for two or more years. In tropical countries, 
however, many trees lose their leaves in the dry season. This is seen 
in the forests of Brazil, called Catingas. The period of defoliation 
varies in different countries according to the nature of their climate. 
Trees which are called evergreen, as Pines and Evergreen oak, are 
always deprived of a certain number of leaves at intervals, sufficient 
beings left, however, to preserve their green appearance. Various 
causes have been assigned for the fall of the leaf. In cold climates, 
the deficiency of light and heat in winter causes a cessation in the 
functions of the cells of the leaf; its fluid disappears by evaporation; 
its cells and vessels become contracted and diminished in their calibre; 
various inorganic matters accumulate in the texture; the whole leaf- 
becomes dry ; its parts lose their adherence ; and it either falls by its 
own weight or is detached by the wind. In warm climates, the dry 
season gives rise to similar phenomena. 


SECTION II.— GENERAL VIEW OF THE FUNCTIONS OF THE 
NUTRITIVE ORGANS. 

206. In order that plants may be nourished, food is required. This 
food, in a crude state, enters the roots by a process of absorption or 
imbibition ; it is then transmitted from one part of the plant to another, 
by means of the circulation or progressive movement of the sap ; it 
reaches the leaves, and is there submitted to the action of light and 
air, which constitutes the function of respiration; and thus the fluids are 
finally fitted for the process of assimilation , and form various vegetable 
products and secretions . 

1. — Food of Plants and Sources whence they derive their Nourishment. 

CHEMICAL COMPOSITION OF PLANTS. 

207. The nutriment of plants can only be ascertained when their 
chemical composition has been determined. The physiologist and 
chemist must unite in this inquiry, in order to arrive at satisfactory 
conclusions. Much has been done of late by Liebig, Mulder, Dumas, 
Boussingault, and other chemists, to aid the botanist in his investiga- 
tions, and to place physiological science on a sound and firm basis. 
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It is true tliat many processes take place in plants which cannot as 
yet be explained by the chemist, and to these the name of vital has 
been applied. This term, however, must be considered as implying 
nothing more than that the function so called occurs in living bodies, 
and in the present state of our knowledge is not reducible to ordinary 
chemical or physical laws. A greater advance in science may clear 
up many difficulties in regard to some of the vital functions, while 
others may ever remain obscure. 

208. Plants are composed of certain chemical elements , which are 
necessary for their growth. These are combined in various ways, so 
as to form what have been called organic and inorganic compounds. 
The former are composed of carbon, oxygen, hydrogen, and niti ogen 
or azote, with a certain proportion of sulphur and phosphorus; while 
the latter consist of various metallic bases, combined wtth oxygen, 
metalloids, and acids. In all plants there is a greater or less propor- 
tion of water, the quantity of which is ascertained by drying at a 
temperature a little above that of boiling water. By burning the 
dried plant the organic constituents disappear, and the inorganic part 
or the ash is left. The relative proportion of these constituents varies 
in different species, as seen in the following table by Solly, in which 
the proportions are given iu 10,000 parts of the fresh plants: — 


Potato, 


Wafer. 
... 74,13 

Turnip, 


. . 9308 

Sea K ale, 


... 9238 

Trench Beans, 


... 9517 

Red Beet, 

Asparagus, 


... 8501 


... 9210 

Water Cress, 


... 9260 

Sorrel, 


... 9207 

Parslev, 


... 8430 

Fennel, 


... 8761 

Salsafy, 


... 7951 

Mustaid, 


... 94C2 


Organic Matter. Inorganic. 

... 2173 114 

7)88 104 

705 57 

Git) Cl 

... 1300 100 

... 735 55 

... G33 107 

702 01 

... 1200 271 

... 1018 101 

.. 1020 120 

... 430 102 


209. The analysis of 100 parts of Fruits gives the following results: — 


Strawberry, 

Green Gage, whole fruit, 
Cherry, do. 

Pear, do. 

Apple, do. 

Goosebeny, 


Water. Organic. Inorganic 


90*22 9 

83*77 15 

82*48 17 

83*55 16 

81*01 15 

90*26 9 


37 .... 

.... 0*41 

83 .... 

.... 0*40 

09 .... 

.... 0-43 

•04 .... 

0*41 

•72 .... 

0-27 

•35 .... 

0*39 


. The following table, by Johnston, represents the constitution in 
parts of plants and seeds, taken in the state in which they are 
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given to cattle, or laid up for preservation, and dried at 230° Fahren- 
heit; the organic matter being indicated by the carbon, oxygen, 
hydrogen, and nitrogen; the inorganic by the ash: — 



Wheat 

Oats 

Carbon 

.... 455 ... 

... 507 .. 

Hydrogen.... 

57 ... 

. . 64 .. 

Oxygen 

.... 430 .... 

... 3G7 .. 

Nitrogen 

.... 35... 

... 22 .. 

Ash 

.... 23 .... 

... 40 .. 


Peas. 

Hay. 

Turnips. 

Potatoes. 

465 ... 

.. 458 .. 

.... 429 ... 

... 441 

61 ... 

.. 50 .. 

.... 56 ... 

... 58 

401 ... 

.. 387 .. 

.... 422 ... 

... 439 

42 ... 

.. 15 . 

.... 17 ... 

... 12 

81 ... 

.. 90 .. 

.... 76 ... 

... 50 


By the process of drying, the 1000 parts of these substances lost water 

4 in the following proportions : — 

% Wheat, 166 Peas, 86 Turnips, 925 

5 Oats, 151 Hay, 158 Potatoes, 722 

w 211. As plants have no power of locomotion, it follows that their 
j*food must be universally distributed. The atmosphere and the soil 
"V, accordingly contain all the materials requisite for their nutrition. 

These materials must be supplied either iu a gaseous or a fluid form, 
j and hence the necessity for the various changes which are constantly 
tjj going on in the soil, and which are aided by the efforts of man. 
4 Plants are capable of deriving all their nourishment from the mineral 
: kingdom. The first created plants in all probability did so, but in the 
- present day the decaying remains of other plants and of animals are 
also concerned in the support of vegetation. 

i 


% % Organic Constituents and their Sources, 

J 212. Carbou (C) is the most abundant element in plants. It forms 
4 from 40 to 50 per cent, of all the plants usually cultivated for food. 
% When plants are charred the carbon is left, and as it enters into all 
$ the tissues, although the weight of the plants is diminished by the 
H process, their form still remains. When converted into coal (a form 
f| of carbon), plants are frequently so much altered by pressure as to 
W lose their structure, but occasionally it can be detected under the 
%microscope. Carbon is insoluble, and therefore cannot be absorbed in 
its uncombined state. When united to oxygen, however, in the form 

t of carbonic acid, it is readily taken up either in its gaseous state by 
the leaves, or in combination with water by the loots. The soil con- 
^ tains carbon (humus), and in some soils, as those of a peaty nature, it 
3 exists in very large quantity. The carbon in the soil is converted into 
f carbonic acid in order to be made available for the purpose of plant- 
^growth. Ctobon has .the power of absorbing gases, and in this way, 
- by enabling certain combinations to go on, it assists in the nourishment 
^x>f plants. In the atmosphere, carbonic acid is always present, averag- 
ing about sQfo part, arising from the respiration cf man and animals, 
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Combustion, and other processes. A certain atmospheric equilibrium 
is thus maintained, consequent on the difference in vegetable and 
animal respiration, the former giving out oxygen, which the latter 
consumes. 

213. Oxygen (0) is another element of plants. Air contains about 
21 per cent, of it. Every 9 lbs. of water contain 8 of oxygen, and it 
is combined with various elements, so as to form a great part of the 
solid rocks of the globe, as well as of the bodies of animals and man. 

214. It is chiefly in its state of combination with Hydrogen (H), so 
as to form water (HO), that oxygen is taken up by plants. Hydrogen 
is not found in a free state in nature, and with the exception of coal, 
it does not enter into the composition of the mineral masses of the 
globe. It forms ^ of the weight of water, and it is present in the 
atmosphere in combination with nitrogen. Hydrogen is also furnished 
by sulphuretted hydrogen, and some compounds of carbon. Carbonic 
acid and water existing to a large extent in the atmosphere, vegetables* 
can thence also derive carbon, oxygen, and hydrogen, which enter 60 
extensively into their constitution. 

215. Nitrogen (N) is another element found in plants. It forms 79 
per cent, of the atmosphere, and abounds in animal tissues. It is 
therefore requisite for the purposes of animal life that nitrogen be 
furnished in food. Those vegetables containing the greatest quan- 
tity of nitrogenous matter are the most nutritive. Animal matters, 
during their decay, give off nitrogen, combined with hydrogen, in the 
form of ammonia (Nil 8 ), which is absorbed in large quantities by 
carbon, is very soluble in water, and seems to be the chief source 
whence plants derive nitrogen. In tropical countries where thunder- 
storms are frequent, the nitrogen and oxygen of the air are sometimes 
made to combine, so as to produce nitric acid, (NO 5 ) which, either in 
this state, or in combination with alkaline matters, furnishes a supply 
of nitrogen. Daubeny thinks that the ammonia and carbonic acid in 
the atmosphere are derived in part from volcanic actions going on in 
the interior of the globe. The continued fertility of the Terra del 
Lavoro, and other parts of Italy, is attributed by him to the disengage- 
ment of ammoniacal salts and carbonic acid by volcanic processes 
going on underneath ; and to the same source he traces the abundance 
of gluten in the crops, as evidenced by the excellence of Italian 
macaroni. 

216. Mulder maintains thht the ammonia is not carried down from 
the atmosphere, but is produced in the soil by the combination 
between the nitrogen of the air, and the hydrogen of decomposing 
matters. The same thing takes place, as in natural saltpetre caverns 
of Ceylon, with this exception, that, by the subsequent action of oxygen, 
ulmic, humic, geic, apocrenic, and crenic acids, are formed in place of 
nitric acid. These acids consist of carbon, oxygen, and hydrogen, in 
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different proportions, and they form soluble salts with ammonia. By 
all porous substances like the soil, ammonia is produced, provided they 
are moist, and filled with atmospheric air, and are exposed to a certain 
temperature. It is thus, he states, that moist charcoal and humus 
become impregnated with ammonia. 

217. These four elementary bodies then are supplied to plants, chiefly 
in the form of carbonic acid (CO 2 ), water (HO), and ammonia (NH 3 ). 
In these states of combination they exist in the atmosphere, and hence 
some plants can live suspended in the air, without any attachment to 
the soil When a volcanic or a coral island appears above the waters 
of the ocean, the lichens which are developed on it are nourished 
in a great measure by the atmosphere, although they subsequently 
derive inorganic matter from the rocks, to which they are attached. 
Air plants, as Bromelias, Tillandsias, and Orchidaceae, and many species 
of Ficus, can grow for a long time in the air. In the Botanic Garden 
of Edinburgh, a specimen of Ficus australis has lived in this condition 
for upwards of twenty years, receiving no supply of nourishment 
except that afforded by the atmosphere and common rain water, con- 
taining, of course, a certain quantity of inorganic matter. The follow- 
ing analysis was made of the leaves of this plant, in 1847, by my 
pupil, Mr. John Macadam : — 

Organic Inorganic 

* In 100 pulls. In 100 parts. 


Petiole of former year’s growth, including midrib 82-98 ... 17-02 

Three leaves of former year's growth 86-24 ... 18-76 

Petiole of present year’s growth, with midrib 92-65 ... 7-85 

Seven leaves of present year’s growth 92-28 ... 7-7.2 


All were dried at 212° Fahrenheit 

In the Experimental Garden of Edinburgh, Mr. James M‘Nab has 
cultivated various plants, as Strelitzia augusta, currants, gooseberries, 
&c., without any addition of soil, and simply suspended in the air, 
with a supply of water kept up by the capillary action of a worsted 
thread. Some of the plants have flowered and ripened fruit. These 
experiments show that the atmosphere and rain water contain all the 
ingredients requisite for the life of some plants. Boussingault, from 
observations made on the cultivation of Trefoil, was led to the con- 
clusion, that under the influence of air and water, in a soil absolutely 
devoid of organic matter, some plants acquire all the organic elements 
requisite for growth. Messrs. Wiegman and Polstorf took fine quartz 
sand, burnt it to destroy any organic matter, digested it for sixteen 
hours in strong nitro-muriatic acid, and then washed it with distilled 
water. Various kinds of seeds, as barley, oats, vetch, clover, and 
tobacco, were then sown in it, and watered with distilled water, and 
all grew more or less. 

218. The elementary bodies already mentioned, in various states of 
combination, constitute the great # bulk of plants. They occur in the 
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form of binary compounds, as water and oily matters; ternary, as 
starch, gum, sugar, and cellulose; quaternary, as gluten, albumen, 
caseine, and fibrine. The latter compounds seem to require for their 
composition, not merely the elements already noticed, in the form of a 
basis, called Proteine (C 40 H yl N 1 ’ O 12 according to Mulder, or C 40 
Ii 30 N° O 14 according to Liebig), but certain proportions of sulphur 
and phosphorus in addition; thus, albumen = 10 Pr. -f 1 P -f 2 S; 
fibrine = 10 Pr. + 1 P + IS; caseine = 10 Pr. -f 1 S. The 
tissues into the composition of which these proteine compounds enter, 
are tinged of a deep orange-yellow, by strong nitric acid. These 
compounds are highly important in an agricultural point of view, and 
the consideration of them will be resumed when treating of the appli- 
cation of manures. 

Inorganic Constituents , and their Sources . 

219. The consideration of the inorganic constituents of plants is no 
less important than the study of their organic elements. The organic 
substances formed by plants are decomposed by a moderately high 
temperature ; they easily undergo putrefaction, especially when ex- 
posed to a moist and warm atmosphere, and they have not been formed 
by human art. Their inorganic constituents, on the other hand, are 
not so easily decomposed ; they do not undergo putrefaction, and they 
have been formed artificially by the chemist. 

220. The combustible or organic part of plants, even in a dried 
state, forms from 88 to 99 per cent, of their whole weight. Conse- 
quently, the ash or inorganic matter frequently constitutes a very small 
proportion of the vegetable tissue. It is not, however, on this account 
to be neglected, for it is found to be of great importance in the 
economy of vegetation, not merely on account of its entering directly 
into the constitution of various organs, but also from assisting in the 
production of certain organic compounds. Some of the lower tribes 
of cellular plants can exist apparently without any inorganic matter. 
Thus Mulder could not detect a particle of ash in Mycoderma vini, 
nor in moulds produced in large quantity by milk sugar. Deficiency 
of inorganic matters, however, in general injures the vigour of plants, 
and it will be lound that, in an agricultural point of view, they require 
particular attention — a distinct relation subsisting between the kind 
and quality of the crop, and the nature and chemical composition of 
the soil in which it grows. It has been shown by careful and repeated 
experiments, that, when a plant is healthy and fairly ripens its seeds, 
the quantity and quality of the ash is nearly the same in whatever 
soil it is grown ; and that, when two different species are grown in the 
same soil, the quantity and quality of the asli varies — the difference 
bging greater the more remote the natural affinities of the plants are. 
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22 L r rLe inorganic elements of plants and their combinations, are 
thus given by Johnston: — 


Chlorine (Cl.) combined 

with metals forming 

chlorides. 

Iodine (I.) 


... metals 

iodides. 

Bromine (I3i.) 


mekds 

bromides. 

[Z 

. . . metals 

sulphurots. 

Sulphur (S.) 

< ... 
u 

... hydrogen *” 

(suljihuietted hydrogen, or 
{hydio-sulphuric acid. 


... ox} gen 

sulphuric acid. 

Phosphorus (J* ) 

. . . ox} gen 

phosphoric acid. 

Potassium (K.) 

<... 

1 .. 

oxygen 
... chlorine 

potassa. 

chloride of potassium. 


( .. 

. . oxygen 

soda. 

Sodium (Na.) 

( * 

... chlorine 

f chloride of sodium. 

\ (common salt.) 

Calcium (Ca ) 

< ... 

c.. 

... oxygon 
. clilonno 

lime. 

chloride of calcium. 

Magnesium (Mg) 


. . . oxygen 

magnesia, 

Aluminum (A1 ) 


... oxygen 

alumina, 

Silica (Si ) 


... oxygen 

silica. 

Iron (Fc.) ) 

Manganese (Mn.) - 
Copper (Cu.) ) 


oxygen 

sulphur 

^oxides 
< and 
(sulphuicts. 


To those we may add Fluorine, whose presence in plants has been 
recently noticed by^&ome writers. The extraordinary attraction of 
this element for Silica renders it a matter of impossibility to procure 
it in a separate state for examination. It is found in those vegetable 
structures in which Silica abounds, as in the stems of the Graminece, 
and Equisetaceoe. 

222. The quantity of inorganic matter or ash left by plants, varies 
in different species, and in different parts of the same plant. The 
dried leaves usually contain a large quantity. Saussure found 
that — 

Dried bark of Oak gave 

Dried leaves 

Dried alburnum a 

Dried duramey., 

The dried leaves of Elm contain more than 1 1 per cent, of inorganic 
matter, while the wood contains less than 2 per cent. ; the leaves of 
the Willow, 8 per cent., wood, (M5; leaves of Beech, 6 G9, wood, ■ 
0 36 ; leaves of Pitch-pine, 3*5, wood, 0*25. Thus, the decaying 
leaves of trees restore a large quantity of inorganic matter to 
the soil. 

223 . The following tables show the relative proportion of inorganic 
compounds present in the ash of plants : — 


00 of ash in 1000 
,bo ... 

.4 

,2 
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According to Sprengel, 1000 lbs. of wheat leave 11*77 lbs., and of wheat straw 
,35*18 lbs. of ash, consisting of — 


Grain. Straw. 


Potash 2-25 

Soda 2*40 

Lime 0-96 

Magnesia 0*90 

Alumina wdth trace of Iron 0*26 

Silica 4*00 

Sulphuric acid 0*50 

Phosphoric acid 0-40 

Chlorine 0-10 


11*77 lbs. 35*18 lbs. 


In 1000 lbs. of the grain of the Oat, are contained 25 80 lbs., and of the dry 
straw 57*40 lbs. of inorganic matter, consisting of — 

Grain. Straw. 

1*50 8*70 

1*32 0*02 

0*80 1*52 

0*07 0 22 

0*14 006 

0*40 0*02 

0*00 0 02 

19*76 45*88 

0-35 0 79 

0*70 0*12 

0*10 0*05 

25*80 lbs. 57*40 lbs. 

In 1000 lbs. of the field Bean, field Pea, and Rye-gras9 hay, after being dried in the 
air, the following is the amount of ash, and its composition : — 


Potash 

Soda 

Lipie 

Magnesia 

Alumina 

Oxide of Iron 

Oxide of Manganese 

Silica 

Sulphuric acid 

Phosphoric acid 

Chlorine 


Potash 

Field Bean. 

Seed Straw. 

...4*15 ... 16*56 .. 

Field 

Seed. 

... 8*10 ... 

Tea. 

Straw. 

2 35 . 

Bye- grass. 
Huy. 

.. 8*81 

Soda 

...8*16 . 

. 0 50 .. 

... 7*39 ... 

— .. 

... 3*94 

Lime 

...1*65 . 

. 6*24 .. 

... 0*58 ... 

27*30 .. 

... 7*34 

Magnesia..... 

...1*58 . 

. 2*09 .. 

... 1*36 ... 

3*42 .. 

. . 0*90 

Alumina 

...0*34 . 

. 0*10 .. 

... 0*20 ... 

0*60.. 

... 0*31 

Oxide of Iron 

... — . 

. 0 07 .. 

... 0*10 ... 

0*0 .. 

— 

Oxide of Manganese . . 

... — . 

. 0*05 

... — ... 

0*07 .. 

— 

Silica 

...1*26 . 

. 2*20 .. 

... 4*10 ... 

9*96 .. 

... 27*72 

Sulphuric acid 

...0*89 . 

. 0*34 .. 

... 0*53 ... 

3*37 .. 

...' 3*53 

Phosphoric acid 

Chlorine 

...2*92 . 

.. 2*26 .. 

... 1*90 ... 

2*40 .. 

... 0*25 

....0*41 . 

.. 0*80 .. 

.... 0*38 ... 

0*04 .. 

... 0*06 


21*36 

31*21 

24*64 

49 71 

52 86 


224. Dr. R D. Thomson gives the following analysis of the inorganic 
matter in the stem and seeds of Lolium perenne:— 
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Silica 

Stem. 

64*57 


Seed. 

42*28 


12*51 


18*89 

Sulphuric acid 



8*12 




.. trace. 

Ca.rhonie acid 



.. 3*61 

Magnesia 

4*01 


5*31 

Lima 

G 50 


18*55 

Peroxide of Iron 

0-36 


2*10 

Potash 

8*03 


4*80 

Soda 

2*17 


1*38 


225. These substances are variously combined in plants, in the form 
of sulphates, phosphates, silicates, and chlorides. Some plants, as 
Wheat, Oats, Barley, and ltye, contain a large quantity of Silica in 
their straw ; others, such as Tobacco, Pea-straw, Meadow-clover, 
Potato-haulm, and Sainfoin, contain much lime ; while-Turnips, Beet- 
root, Potatoes, Jerusalem- artichoke, and Maize-straw, have a large 
proportion of salts of potash^md soda in their composition. Sulphates 
and phosphates are required to supply part of the material necessary 
for the composition of the nutritive proteine compounds found in grain. 

226. Silica abounds in Grasses, in Equisetum, and other plants, 
giving firmness to their stems. The quantity contained in the Bamboo 
is very large, and it is occasionally found in the joints in the form of 
Tabasheer. Reeds, from the quantity of siliceous matter the}' contain, 
are said, during hurricanes in warm climates, to have actually caused 
conflagrations by striking against each other. In the species of 
Equisetum, the silica in the ash is as follows : — 


Ash. 8ilica. 

Equisetum arvense 13-84 6*38 

liraosum 15 60 6*60 

hyeinale 11*81 8-75 

Telmateia 23*61 12 00 


The third of these furnishes Dutch Reed, used for polishing mahogany. 
The silica is deposited in a regular manner, forming an integral part 
of the structure of the plant. Many insoluble matters, as silica, seem 
to be deposited in cells by a process of decomposition. Thus, silicate 
of potash in a vegetable sap may be mixed with oxalic acid, by which 
oxalate of potash, and silicic acid will be produced, as in the cells of 
Grasses and Equisetum. Chara translucens has a covering of silicic 
acid, while C. vulgaris has one composed of silicic acid and carbonate 
of lime; and Chara hispida has a covering of carbqpate of lime 
alone. Silica, the only known oxide of Silicon, contains 22T8 
parts silicon, and 24 parts oxygen. It is in reality an acid, and a 
very powerful one. Its insolubility in water prevents the manifesta- 
tion of its acid properties under ordinary circumstances. In those 
plants in which silica most abounds, Fluorine has also been discovered. 

• The test for the presence of the latter rests in acting on the fluorine 
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in its combination with silicon, by concentrated sulphuric acid, and so 
producing hydrofluoric acid, which possesses the property of fixing 
etches on glass ; the glass to be engraved being coated with etching 
ground or wax, and the design traced in the usual way with a pointed 
instrument. 

227. Lime is found in all plant?, and in some it exists in large 
quantity. It occurs sometimes in the form of carbonate on the sur- 
face of plants. Thus, many of the Characem have a calcareous encrus- 
tation. The crystals or raphides 1 8) found in the cells of plants, 
have lime in their composition. In the roots of Turkey and East India 
Rhubarb, the crystals of oxalate of lime have been estimated at about 
25 per cent , while in those of the English plant the proportion is 
about 10 per cent. In the Cactus tribe crystals of the same kind 
have been observed, the presence of which, in excessive quantity, 
imparts brittleness to the stem of the old plant. 

228. Soda and Potash occur abundant!^ in plants. They are taken 

up from the soil in combination with acids. Those growing near the 
sea have a large proportion of soda in their composition, while those 
growing inland contain potash. Various species of Salsola, Salicornia, 
Halimocnemum, and Ivoeliia, yield soda for commercial purposes, and 
are called Halophytes (»ac, salt, and plant). The young plants, 

according to Gobel, furnish more soda than the old ones. There are 
certain species, as Armeria inaritima, Cochlearia officinalis, and PJan- 
tago maritima, which are found both on the sea-shore, and high on 
the mountains removed from the sea. In the former situation they 
contain much soda and some iodine; while in the latter, according to 
Dr. Dickie, potash prevails, and iodine disappears. 

229. iron, JTBaugnneMr, and Copper, especially the two last, exist in 
small quantity in plants. Iron is met in the soil either as an oxide, 
a sulpnuret, or a carbonate. It usually occurs in the form 1 of a 
peroxide. Iron when held in solution as a proto- carbonate is capable 
of being absoibed into the vegetable tissues. Copper was detected, 
by Sarzean, in coffee. 

230. All these inorganic matters are derived in a state of solution 
from the soil, and plants are said to have, as it were, a power of selec- 
tion, certain matters being taken up by their roots in preference to 
others. Saussure made a series of experiments on this subject, and 
stated that when the loots of plants were put into solutions contain- 
ing various s#line matters in equal proportions, some substances were 
taken up by imbibition in larger proportion than others. Bouchardat 
doubts the accuracy of Saussure s conclusions on this point, lie 
thinks that errors arose from the excretions of the plants and other 
causes. - He performed similar experiments with plants of Mint, which 
had been growing for six months in water previous to experiment, 
and he found that in cases of mixed salts in water, the plant absorbed * 
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all in equal proportions. Daubeny states, that if a particular salt is 
not present, the plant frequently takes up an isomorphous one. 

231. The differences in the absorption of solutions depend, per- 
haps, on the relative densities alone, and not on any peculiar selecting 
power in roots, for it is well known that poisonous matters are ab- 
sorbed as well as those which are wholesome. The following experi- 
ments show that poisonous matters in solutions, varying from half a 
grain to five grains to the ounce of water, are taken up by roots, and 
that some substances which are poisonous to animals do not appear to 
act energetically upon plants : — 


Chloride of zinc, 
Sulphate of zinc, 
Sulphate of copper, 
Nitrate of copper, 

Acetate of copper, 

Bichloride of mercury, 

Arsenioua acid, 

Arseniate of potash, 
Acetate of lead, 

Bichromate of potash, 

Nitrate & sulphate of iron, 
Chloride of barium, 
Nitrate of baryta, 

Nitrate of strontia, 

Muriate, sulphate, and) 
nitrate of lime, / 

Sulphate and muriate) 
of magnesia, / 

Phosphate of soda, 
Chloride of sodium 


Growing Plants 
beans, 

cabbages and wheat, 

beans, 

beans, 

cabbages, 

L beans, 

< wheat, 

C cabbages, 
cabbages and wheat, 
barley and cabbages, 
beans, 

cabbages, beans, barley, 

beans, 

beans, 

cabbages and wheat, 
beans, 

beans, 

beans and cabbages, 

beans and cabbages, 
beans and cabbages, 


^ quickly destroyed. 


} weak solutions did not de- 
stroy. 

destroyed in a few days, 
j destroyed unless much di- 
( luted, 

destroyed in a few days. 

| quickly destroyed. 

( plants uninjured, except so- 
( lution strong. 

{ improved when very di- 
luted. 

i injured, and if strong de- 
li etroyed. 

| no injury when diluted. * 


232. Rotation of Crops. — As the inorganic materials which enter 
into the composition of plants vary much in their nature and relative 
proportions, it is evident that a soil may contain those necessary for 
the growth of certain species, while it may be deficient in those 
required by others. It ih on this principle that the rotation of crops 
proceeds ; those plants succeeding each other in rotation which require 
different inorganic compounds for their growth. In ordinary cases, 
except in the case of very fertile virgin soil, a crop, by being constantly 
grown in successive years oq the same field, will deteriorate in a 
marked degree. Dr. Daubeny has put this to the test of experiment, 
by causing plants to grow on the same and different plots in successive 
years, and noting the results : — 
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Potatoes, 

Flax, 

Beans, 

Barley, 

Turnips, 

Oats, 

This shows a manifest advantage in shifting crops, varying from 1 to 
75 per cent. ; the deficiency of inorganic matter being the chief cause 
of difference. As this matter is shown to be of great importance to 
plants, it follows that the composition, of soil is a subject requiring 
special notice. 


fin the same plot 

(in different plots 

f same , 

Average of fiyra 

92*8 — — 

16-0 lbs. 


19-9 

J same 

82*8 

(different 

34-8 

( SATTlfi 

30-0 

(different 

46-5 

f same 

104*0 

(different 

173*0 

f same 

28-0 

"^different : 

32-4 


CHEMICAL COMPOSITION OF SOILS. 

233. Soils have been divided in the following way, according to 
the proportion of clay, sand, and lime, which they possess : — 

1. Argillaceous soils, possessing little or no calcareous matter, and 
above 60 per cent of clay. 

2 Loamy soils, containing from 20 to 60 per cent of clay. 

3. Sandy soils, not more than 10 per cent, of clay. 

4. Marly soils, 6 to 20 per cent, of calcareous matter. 

5. Calcareous soils, more than 20 per cent, of carbonate of lime. 

6. Humus soils, in which vegetable mould abounds. 

Below the superficial soil there exists what is called subsoil , which 
Tories in its composition, and often differs much from that on the 
surface. Into it the rain carries down various soluble inorganic mat- 
ters, which, when brought to the surface by agricultural operations, 
as trenching and subsoil ploughing, may materially promote the 
growth of crops. The advantages of subsoil ploughing are dependent 
on the nature of the soil. By means of it the subsoil is loosened, 
so as to be easily acted upon by air and water, and the efficiency 
of the drainage is increased. It is not fitted for all soils, and in 
some instances it may do harm. A knowledge of the chemical as well 
as mechanical nature of soils affords to the agriculturist a certain 
guidance by which to direct his operations ; since by the judicious 
application of manures, certain deficiencies may be supplied, and by 
the admixture of soils they may be rendered the more suitable for 
the purposes of vegetation. 

234. Humm, or decaying woody fibre, exists in soils to a certain 
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amount. This has been called also ulmine , or coal of humus . In a 
soluble state it forms humic and ulmic acid. Humus absorbs ammo- 
nia, and it is slowly acted upon by the atmosphere, so as to form 
carbonic acid by combination with oxygen. Peaty soils contain 
much of this substance. When peroxide of iron is present in such 
soils, it loses part of its oxygen, and is converted into the protoxide. 

235. Silica in greater or less quantity, is found in all soils ; but it 
abounds in sandy soils. In its ordinary state it is insoluble, and it 
•is only when acted upon by alkaline matter in the soil that it forms 
compounds which can be absorbed b^ plants. Silica, in a soluble 
state, exists in minute quantities in soils; the proportion, according 
to Johnston, varying from O’ 16 to 0 84 in 100 parts, while the 
insoluble siliceous matter varies from 60*47 to 83*31 in 100 parts. 
Wiegman and Polstorf found that plants took up the silica from a 
soil composed entirely of quartz sand, from which everything or- 
ganic and soluble had been removed. The following table shows 
the plants which germinated, the height to which they grew previ- 
ously to being analyzed, the quantity of silica they contained when 
planted, and the increase ; — 


Height. 

Silica in the ash. 

Silica had 

8eecL 

Plant. 

increased. 

Barley 15 inches .. 

0*034 . 

0*355 ... 

. 10 times. 

Oats ,18 — 

0*064 . 

.... 0*354 

5J- 

Buckwheat.... 18 — 

0*004 . 

.... 0*075 .... 

. 18 — 

Vetch 10 — .. 

0*013 . 

0135 .... 

. 10 — 

Clover 3£ — 

. 0*009 . 

0*091 .... 

. 10 — 

Tobacco 5 — 

. 0*001 . 

... . 0*549 .... 

. 500 — 


236. Alumina exists abundantly in clayey soils, but it does not 
enter largely into the composition of plants. It has the power of 
absorbing ammonia, and may prove beneficial in this way. 

237. iiime is an essential ingredient in all feftile soils. In 1000 
lbs. of such soil, there are, according to Johnston, 56 lbs. of linfe ; 
while barren soil contains only 4 lbs. The presence of phosphoric 
acid in soils, in the form of phosphates of potass, soda, and lime, is 
essential for the production of certain azotised compounds in plants ; 
and sulphuric acid, similarly combined, is required for the formation 
of others. Calcareous soils contain upwards of 50 per cent of lime. 
The addition of lime to soils is often highly beneficial, by destroying 
noxious weeds and preventing disease in crops. In marly soils lime 
exists in the proportion of 5 — 20 per cent. In loamy soils lime is in 
smaller quantity. 

238. A rough way of estimating the general nature of a soil, is 
thus given by Professor Johnston : — 

1. Weigh a given portion of soil, heat it and dry it The loss is water. 

2. Bum what remains. The loss is chiefly vegetable matter. 
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3. Add muriatic acid to residue, and thus the quantity of lime may be de- 

termined. 

4. Wash a fresh portion of soil to determine the quantity of insoluble sili- 

ceous sand. 

Such an analysis, however, is by no means sufficient for the pur- 
poses of the farmer. 

239. The chemical composition of a plant being* known, conclusions 
can be drawn as to the soil most suitable for its growth. This is a 
matter of great importance both to the farmer and to the planter. 
In order that a plant may thrive, even in a suitable soil, exposure 
and altitude must also be taken into account. It is only by attention 
to these particulars that agricultural and foresting operations can be 
successful. As regards trees, the following practical observations are 
given as an illustration of what has been stated. The Scotch Fir 
thrives best in a healthy soil, incumbent on a pervious subsoil, and 
at a high altitude ; Larch in loam, with a dry subsoil, in a high 
situation, and on sloping banks ; Spruce and silver firs, in soft loam 
or peaty soil, in a low moist situation, but they will also grow in a 
dry soil, and in a pretty high altitude ; Oak in any soil and situation 
under 800 feet above the level of the sea, but it thrives best in 
clayey loam, on a rather retentive subsoil, and on gently sloping 
ground ; Ash and Elm, on a gravelly loam, on gravel or sand, at an 
altitude under 500 feet above the level of the sea; Sycamore, at 100 
feet higher than the ash or elm, and in a more retentive soil and 
subsoil ; Beech, on a dry gravelly soil, and in a rather high situation, 
but it is often luxuriant on strong retentive clay, and in a low damp 
situation. 


APPLICATION OP MANURE. 

240. If the soil does not contain the ingredients Required for a 
crop, they must be added in the form of manure. The principle of 
manuring is to supply what the plant cannot obtain from the soil, and 
to render certain matters already in the soil available for nutrition. 
In order that this may be properly practised, there must be an 
analysis of the soil, of the plant, and of the manure. Hence the im- 
portance of agricultural chemistry to the farmer. 


Various hinds of Manure . 

241. Natural manures, as farm-yard dung, are more valuable than 
simple manures ; inasmuch as the former furnish all the substances 
required for the growth of plants* while the latter only supply a 
particular ingredient. Natural manures may be regarded as confer- 
ring on the soil the most lasting advantage, as from the slowness of 
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their decomposition their beneficial effects are not so readily ex- 
hausted. The plant itself, in a soluble state, would be the best man- 
ure. In ordinary farm-yard manure, the straw is again made avail- 
able for the purpose of the plant. The whole crop of wheat and oats, 
however, cannot be returned to the soil, as part must be retained for 
food. A substitute, therefore, must be found for the portion thus 
taken away. This contains both azotised and unazotised matters, the 
former consisting of proteine compounds which supply nitrogen for 
the muscular tissue of man and animals ; the latter of starchy, mucil- 
aginous and saccharine matters, which furnish carbon as a material 
for respiration and fat. The object of manuring is chiefly to increase 
the former, and hence those manures are most valuable which contain 
soluble nitrogenous compounds. 

242. The value of manures is often estimated by the quantity of 
gluten which is produced by their application. Ilermbstaedt sowed 
equal quantities of the same wheat on equal plots of the same ground, 
and manured them with equal weights of different manures, and from 
100 parts of each sample of grain produced, he obtained gluten and 
starch in the following proportions : — 


Without manure 

Gluten. 

0-2 

Starch. 

66*7 

Cow dung. 

12*0 

C2*3 

Pigeons* do 

12-2 


Horse do 

3 ?> 7 

Cl f> 

Goats* do. . 

12*9 

42*4 

Sheep do 

32*9 

42 8 

Dried night soil , 

13*1 

414 

Dried Ox blood 

34*2 

41 3 


24#. Manures containing ammonia, owe their excellent qualities to 
the nitrogen which enters into their composition ; hence the value of 
sulphate of ammonia, ammoniacal liquor of gas-works, and urine. The 
value of guano, or the dung of sea-fowl, depends chiefly on the ammo- 
niacal salts, and the phosphates which it contains ; thus supplying the 
nitrogen and phosphorus requisite for the proteine compounds which 
contain the elements of flesh and blood. The guano, which is imported, 
is the excrement of numerous sea-fowl which frequent the shores of 
South America and Africa. It often contains beautiful specimens of 
infusoria, as Campylodiscus, Coscinodiscus, &c. The guano found in 
caves on the coasts ot Malacca and Cochin-China, is the produce of 
frugivorous and insectivorous bats, and of a species of swallow — the 
last being the best. 

244. The following analyses by Dr. Colquhoun of Glasgow, which 
are the result of an examination of a large number of samples, give a 
general idea of the composition of guano. The term ammoniacal 
matter includes urate of ammonia and other ammoniacal salts, as 
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oxalate, phosphate, and muriate, as well as decayed organic matter of 
animal origin. The term bone earthy includes phosphate of lime 
(always the principal ingredient), phosphate of magnesia (always in 
small amount), oxalate of lime ; and in African guano, a minute 
quantity of carbonate of lime, and from ^ to 2 per cent, of fragments 
of sea-shells. The fixed alkaline saltSy are various salts of soda, as 
muriate, phosphate, and sulphate ; a little of a potash salt has been 
detected. 

South American Guano. 


Fine Chlncba. Middling. Inferior. Low Qualities. 

Ammoniacal matter 62 42 28 12 ..; 15 

Bone earth 20 24 80 60 ... 87 

Fixed alkaline salts 10 14 21 ...... 10 ... 6 

Bock, sand, earth 0-5 6 3 16 ... B4 

Water 7*5 15 18 13 ... 9 

100-0 100 100 100 100 

African Guano . 

Best Ichaboe. Inferior. Low Quality. 

Ammoniacal matter 45 28 20 

Bone earth 20 21 17 

Fixed alkaline salts 12 16 14 

Rock, sand, earth... 1 3 25 

Water 22 82 24 

100 100 100 


245. The guano from the islands on the British coasts, contains the 
same ingredients, but the soluble salts are generally washed out by 
the action of rain. The following is the analysis, by Dr. K. D. 
Thomson, of guano gathered on Ailsa Craig : — 


Water 50*30 

Organic matter and ammoniacal salts, containing 3*47 per cent. 

of ammonia 12*50 

Phosphates of lime and magnesia 12*10 

Oxalate of lime 1*50 

Sulphate and phosphate of potash, and chloride of potassium.... 1*00 
Earthy matter and sand 15*00 


246. Simple maiwrca supply only one or two of the materials re- 
quired for the growth and nourishment of plants. The ammoniacal 
liquor of gas-works , in a very diluted state, has been advantageously 
applied to the soil, on account of the nitrogen which it supplies. Soot 
has also been used, from furnishing salts of ammonia. Nitrates of 
potash and soda have been recommended not only on account of the 
'\es, but also on account of the nitrogen which they contain, in the 
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form of nitric acid. The quantity of gluten is said to be increased by 
the use of nitrates. Carbonate of potash and soda and chloride oj 
sodium , are frequently used as manures. The latter is especially use- 
ful in the case of plants cultivated inland, which were originally 
natives of the sea-shore, as Cabbage, Asparagus, and Sea-kale. As 
lime is found in all plants, the salts containing it are of great impor- 
tance. It may be used in the caustic state with the view of decom- 
posing vegetable matter, and aiding in the formation of carbonic acid. 
It also neutralizes any acid previously in the soil, as is said to occur 
occasionally in boggy and marshy land, abounding in species of Juncus, 
Carex, and Eriophorum, with some Calluna vulgaris. Lime also 
combines with certain elements of the soil, and sets potash free, which 
reacts on the silica, and renders it soluble. Lime is sometimes washed 
down into the subsoil ; and in such cases, trenching improves the land. 
Phosphate of lime is a valuable manure, both on account of the lime, 
and of the phosphorus which it contains. Without the presence of 
phosphates, gluten, and the proteine compounds of plants, cannot be 
formid. Phosphate of lime exists abundantly in animal tissues ; and 
hence it must be furnished by plants. The use of bone-dust as a 
manure, depends in a great measure on the phosphate of lime which 
it contains. Besides phosphate of lime, bones contain about 3 per 
cent, of phosphate of magnesia, carbonate of lime, and salts of soda. 
The gelatine of bones also seems to act beneficially, by forming car- 
bonic acid and ammonia. Bones are best applied mixed with sulphuric 
acid, so as to give rise to the formation of soluble phosphates by de- 
composition. They are broken into pieces, and mixed with half their 
weight of boiling water, and then with half their weight of sulphuric 
acid. The mixture is applied to the soil, either in a dry state by 
the drill, with saw-dust and charcoal added, or in a liquid stat^liluted 
with 100 to 200 waters. Phosphates and other inorganic matters, 
sometimes exist potentially in the soil, but in a dormant state, re- 
quiring the addition of something to render them soluble. Allowing 
the ground to lie fallow, and stirring and pulverizing it, are methods 
by which air and moisture are admitted, and time is allowed for the 
decomposition of the materials, which are thus rendered available for 
plants. Sulphur exists in considerable quantity in some plants, as 
Crucifer®, and it forms an element in albumen ; hence the use of 
sulphuric acid and of sulphates as manures. Sulphate of lime or 
gypsum, is well fitted as a manure for clover. It acts in supplying 
sulphur and lime, and in absorbing ammonia. Charcoal in a solid 
state, has been applied with advantage as a manure. It acts partly 
by taking up ammonia in large quantities, and partly in combining 
slowly with oxygen, so as to form carbonic acid. The effects of car- 
bonic acid on vegetation are said to be remarkably conspicuous in 
some volcanic countries, in which this gas is evolved from the bottom 
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of lakes. When it accumulates in large quantities, however, it destroys 
plants as well as animals. 

247. Manuring with Green Crop* is sometimes practised. The 
mode Adopted is to sow certain green crops, the roots of which extend 
deeply into the soil ; and when the plants have advanced considerably 
in growth, to plough them in, and sow a crop of some kind of grain. 
In this way the nutritive matter from the deeper part of the soil is 
brought within reach of the roots of the grain crop. Manuring with 
sea-weeds is also resorted to in cases where they are accessible. They 
supply abundance of carbonate, phosphate, and sulphate of lime, besides 
chloride of sodium. There are considerable differences in their chemical 
composition ; thus, while in Laminaria saccbarina, alkaline carbonates, 
potash, and iodine, predominate ; in Fucus vesiculosus and serratus, 
sulphates and soda are in excess, and iodine is less abundant In the 
cultivation of the Coco-nut Palm, Mr. M‘Nab finds that sea-weeds act 
very beneficially. 

248. liquid manures have of late years been much employed, and 
the formation of tanks for their reception has been strongly r#om- 
mended, in which the ammonia is fixed by the addition of sulphuric 
acid or charcoal. They can be applied after vegetation has advanced, 
and they are in a state to be made at once available to the crop. More 
recently some have advocated a system of steeping seeds and grains in 
certain solutions before sowing them. Professor Johnston suggests 
a mixture of phosphate of soda, sulphate of magnesia, nitrate of potash, 
common salt, and sulphate of ammonia (1 lb. of each), in ten gallons 
of water, to steep 300 lbs. of seeds, which are to be afterwards dried 
with gypsum or quicklime. 

249. The following experiment, conducted by Mr. Wilson, at Knock, 
near L^gs, shows the mode of estimating the effects of manures. The 
land was a piece of three-year old pasture, of uniform quality. It was 
divided into ten lots, and these were treated with different kinds of 
manure. The quantity of well-made hay is given in lbs. 


Produce Rate 
per Lot per Acre. 


Lot X. — Left untouched 420 3360 

“ 2. — 2^ barrels Irish quicklime 602 4816 

“ 8—20 cwt Lime of gas-works G51 6208 

“ 4. — 4j cwt Wood charcoal powder 665 6320 

“ 5. — 2 bushels Bone-dust 693 5544 

“ 6. — 18 lbs. Nitrate of potash 742 5936 

“ 7. — 20 lbs. Nitrate of soda. 784 6272 

“ 8. — 2J bolls Soot ! 819 6552 

“ 9. — 28 lbs. Sulphate of ammonia 874 6776 


“ 10. — 100 gallons Ammoniacal liquor of gas-works.) 

5° T Weddell’s hdyrometer...) 


The value of each application was the same, all were applied at the 
san«^(pe, and the grass also was cut at the same time. 
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250. Plants are thus employed to form from the atmosphere and 
soil those organic products which are requisite for the nourishment of 
man and animals. Nutrition derivable from the atmosphere being 
generally diffused, is accessible to all plants, and is perpetually renewed. 
Nutrition derivable from the soil being fixed to certain localities, re- 
quires that those elements contributing to it, as they become exhausted, 
be mechanically supplied. While an animal consumes carbon so as to 
form carbonic acid, gives off ammonia in various excretions, transforms 
organized into mineral matters, and restores its elements to air and 
earth ; a plant, on the other hand, fixes carbon in its substance and 
gives off oxygen, forms from ammonia solid compounds, transforms 
mineral into organized matters, and derives its elements from the air 
and earth. Thus, says Dumas, what the atmosphere and soil yield to 
plants, plants yield to animals, and animals return to the air and earth, 
a constant round in which matter merely changes its place and form.* 

EPIPHYTIC AND PARASITIC PLANTS. 

Hi. Some plants grow without any attachment to the soil, and are 
able to derive in a great measure, from the atmosphere, all the ma- 
terials required for their growth. Such plants are called Epiphytes Qirj, 
upon, and $vrov t a plant), or air-plants, and may be illustrated by the 
Tillandsias, Bromelias, and Orchids of warm climates. Such plants, 
when attached to the surface of trees, may perhaps derive some nourish- 
ment from the inorganic matter in the decaying Jpark ; but they do 
not become incorporated, so to speak, with the trees. Orchidaceous 
plants, which are always perennial, arc found in the greatest variety 
and profusion in those regions where heat and moisture abound. 
Extremes of cold or dryness are the least favourable to their growth. 
Tillandsias and Bromelias flourish in dry hot air without any contact 
with the earth. 

252. There are other plants, however, which are true Parasites 
beside, and airo;, food, deriving food from another), sending prolonga- 
tions of their tissue into other plants, and preying upon them. Many 
Fungi, for instance, develop their spores (seeds) and spawn (mycelium) 
in the interior of living or dead plants, and thus cause rapid decay. 
The diseases of corn, called smut and rust, and the dry rot in wood, are 
due to the attacks of these parasitic Fungi. The minute dust or powder 
produced by these plants, consists of millions of germs which are easily 
carried about in the atmosphere, ready to fix themselves on any plants 
where they can find a nidus. There are also flowering plants which 

* For fuller particulars as to the food of plants, analyses of plants, soils, manures, and rota- 
tion of crops, see Johnston’s Lectures on Agricultural Chemistry; Liebig’s Works; Dumas on 
Organic Nature; Dayy’s Agricultural Chemistry, by Shier; Miiider’s Chemistiy of Organic 
Bodies, translated by Fromberg; and various Papers in the Quarterly Journal oi Agriculture, 
1844—46 ; Saussure’s Works ; Daubeny on Rotation of Crops, PhiL '1'rans. 1845 ; Boussingault, 
Economic Burale. 
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grow parasitically, and they may be divided into two classes; 1. Those 
which are of a pale or brownish colour, and have scales in place of 
leaves ; and 2. Those which are of a green colour, and have leaves. 
The former, including Orobanche or broom -rapes, Lathreea or tooth- 
wort, Cuscuta or dodder, derive their nourishment entirely from the 
plant to which they are united, and seem to have little power of 
elaborating a peculiar sap ; while the latter, as Loranthus, Viscum 
or mistleto, Myzodendron, Thesium, Euphrasia, Melampyrum, and 
Buchnera, expose the sap to the action of air and light in their leaves, 
and thus allow certain changes to take place in it. The Mistletoe 
from its power of elaboration, is able to grow on different species of 
plants, as on the apple, beech, oak, &c. Some of these parasites are 
attached to the roots of plants by means of suckers, as in the case of 
Broom-rapes, Toothwort, and Thesium; while others, as Dodder, 
Mistleto, &c., feed upon the stems. The plants to which the parasites 
are attached give origin frequently to their specific names. The 
species of Cuscuta or dodder, inhabit all the temperate and warm parts 
of the globe, and are peculiarly destructive to clover and lint T^ey 
are produced from seed which at first germinates in the soil like other 
plants ; but after the stem has coiled closely round another plant, and 
becomes attached to it by means of suckers then all connection with the 
soil ceases, and the Dodder continues its life as a parasite. A remarkable 
tribe of parasites, called Rafflesias, has been found in Sumatra and 
Java. They are leafless, and produce brown-coloured flowers, which 
are sometimes thr^ feet in diameter. On account of their only pro- 
ducing a flower and root, they are denominated Ehizanths a root, 
and olyDos, a flower). 


2. — Absorption and Circulation op Fluids. 

253. While the leaves and other aerial organs of plants have the 
power of absorbing fluids, it is chiefly in the roots that this process takes 
place. The cells of the spongioles or fibrils of the roots, are covered 
by a very delicate membrane (^[ 120), which allows the imbibition of 
fluids to proceed rapidly ; and as additions are made to their extremi- 
ties, they are constantly placed in circumstances favourable for the 
reception of fresh nutriment. This nutriment is supplied to the plant. 
Animals having the power of locomotion are enabled, as they exhaust 
one locality of its nutrition, to remove to another. Plants being fixed, 
would speedily perish from want of nourishment in 4he surrounding 
soil, had not nature, while supplying by many sources the deficiencies 
their consumption occasions, at the same time enabled them to send 
roots to considerable distances in search of the requisite food. The 
nutrii£|» materials in the soil, partly derived from the decomposition 
of <K$imc and inorganic materials, and partly from the atmosphere, 
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are supplied to the roots in a state of solution ; and as the substances 
in the cells of plants are usually denser than the external fluid matters, 
a process of endosmose takes place by "which the latter pass through 
the cell-membrane in large quantities, while a small portion of the 
former is given off or excreted by exosmose. These movements 
have already been alluded to as taking place between fluids of different 
densities, when separated by an animal or vegetable membrane (% 27). 
They are referred by some to electrical agency, and they perform an 
important part in the motions of vegetable fluids. 

254. Endosmose and Exosmose, then, are the names given to the 
phenomena of mixture through a membrane accompanied with change 
of volume ; the former being given when the volume 

increases by an in-going strong current, the latter Vhen * 

the volume diminishes by an out-going weak current. 

In most cases, but not all, the dense fluid increases. 

The rapidity of the mixture depends on the position U 

which the denser fluid occupies being quicker when it H 

is ^jpermost. In fig. 222 is represented the mode of ■ 

showing endosmose by means of a bladder full of I 

syrup, which is attached to the end of a tube and 
immersed in water. In this case the water passes 
rapidly into the bladder by endosmose, so that the fluid 
rises in the tube, while a portion of the thicker fluid 
passes out by exosmose. The force of this endosmose 
may be measured by a graduated tube, as in the figure, 
or by a tube with a double curvature, as fig. 224, the 
lower part of which is filled with mercury. In the 
latter case, the mercury is pushed upwards into a 
graduated tube, and thus an endosmosmeter *, a 
measure), or measure of the force of endosmose, is formed. 

255. Dutrochet found that with a membrane of 40 millimetres* in 
diameter, a tube of 2 millimetres, and a solution of sugar, the density 
of which was 1 *083, the fluid rose 39 millimetres in the space of an 
hour and a-half; with syrup, of density 1T45, the rise was 68 milli- 
metres ; and with syrup, of density f *228, the rise was 106 millimetres. 
Syrup of density 1'3, produced a current capable of raising a column 
of mercury of 127 inches, which is equal to a pressure of 4^ atmos- 
pheres. Thus the velocity and force of the rise depends on the excess 
of density of the interior liquor over that of the water outside. Different 
substances act with various intensity in producing endosmose. The 
following ratio expresses the variable intensity of endosmose, in different 

* A millimetre is about l-25th of an English inch. 

Fig. 223 —Instrument to show Endosmose and Exosmose, consisting of a bladder containing 
syrup attached to a tube, and plunged in a vessel of water. The inward motion of the water 
(endosmose) exceeds the outward movement of the syrup (exosroose). 
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cases in which the density of the solution was the same Solution 
of gelatine, 3; of gum, 5 * 17 ; of sugar, 11 ; of albumen, 12 . In 
order that endosmose and exosmose may take place, the liquids must 
have an affinity for the interposed membrane, and an affinity for each 
other, and be miscible. According to Matteucci and Cima, the inter- 
posed membrane, whether animal or vegetable, is very actively con- 
cerned in the intensity and direction of the endosmotic current. The 
different surfaces of membranes also act variously, and it is probable 
that the physiological condition of the membrane has an important 
effect. 

256. The fluid matters absorbed by the roots are carried upwards 
through the cells and vessels of the stem, under the form of ascending 
or crude sap ; they pass into the leaves, where they are exposed to the 
influence of air and light, and afterwards return through the bark in 
the form of descending or elaborated sap , and a portion of them 
ultimately reaches the root, where it is either excreted or mixed with 
the new lluid entering from the soil. The presence of light is essential 
for the elaboration of the descending sap. Vegetable growth caAot 
progress unless the vegetable circulation be perfectly accomplished. 
This act of vegetable vitality may, however, be effected while the 
plant is removed from the action of light, but the oxygenation of the 
juices cannot be perfected without their free exposure to its in- 
fluence. 

257 . Ascending or Crude Sup. — In order to show the course of the 
fluids in exogenous stems, numerous experiments have been performed 
by Walker, De la Baisse, Burnett, Schultz, and others. These con- 
sisted in making incisions or notches in the bark and wood of trees at 
different heights, and noting the points where the sap made its appear- 
ance at different periods of the year, more especially in spring ; also in 
plunging plants with their roots entire into certain coloured solutions, 
and marking the course of the coloured fluids. These experiments 
led to the conclusion that the sap ascends chiefly through the alburnum 
or newer wood, proceeds along the upper side of the leaves, and re- 
turns by their lower side to the bark and root. If incisions are made 
into the trunk of a tree at different heights early in spring, it is found 
that the discharge of sap takes place, first from the lower parts of the 
incisions, and chiefly from the alburnum ; while at a later period of 
the year the discharge, or the bleeding, occurs on both sides of the 
incision, chiefly from the new wood on the lower side, and from the 
bark on the upper side. If a plant be plunged into a weak solution 
of acetate of lead (which is capable of being absorbed), the metal may 
be detected, first in the new wood, next in the leaves, and then in the 
bark. In cellular plants, where this division of structures does not 
exist, the sap appears to equally permeate each cell, and to generally 
diffuse itself throughout the plants. 
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258. From the minuteness of the tissue, and the difficulty of ex- 
amining the circulation in a living plant, it is not easy to determine the 
vessels through which the sap moves. In its upward course, it appears 
to pass through the intercellular spaces, the recent woody tissue and 
the porous vessels, and in its downward course through the laticiferous 
vessels and cellular tissue of the bark, being also transmitted laterally 
through the cells of the medullary rays. In some cases, when the 
bark has been removed, and the tree continues to live, the descent or 
fall of the sap takes place by the cells of the medullary rays. In the 
course of this circulation, the sap nourishes the different organs, its 
carbonic acid and water are partly decomposed, combinations take 
place with nitrogen, protoplasm or formative matter is produced, and 
various secretions are formed in the cells and intercellular passages. 

259. Gaseous matters are taken up by the roots of plants and cir- 
culated along with the sap, as well as in the spiral vessels. These 
usually consist of common air, carbonic acid, and oxygen. Hales 
showed the existence of a large quantity of air in the vessels of the 
Vinp, and Geiger and Proust have proved that the sap of this plant 
contains much carbonic acid. In some aquatic plants, as*Pontederia 
and Trapa, there is a quantity of air contained in the vessels or inter- 
cellular spaces, with the view of floating them. In Yallisneria, the 
large cells in the centre of the leaves are surrounded by air cavities, 
which are seen as dark lines under the microscope. When cut, the air 
comes out in bubbles, and this escape will continue under \^ater for 
several days, from the part of the leaf attached to the plant, when 
exposed to the light. An ounce of air has been collected from two 
leaves of the plant in six days. This air, as well as that contained in 
sea-weeds, does not enter by stomata, for none exist, but must be 
taken up by the cells probably in solution. 

260. Changes take place in the composition and density of the sap 
in its upward course, but the chief alterations take place in the leaves. 
There it is exposed to the influence of light and air, by means of which, 
as will afterwards be seen, carbon and hydrogen are fixed, oxygen is 
given off, and an exhalation of watery fluids takes place. The sap 
becomes denser, and consequently the process of endosmose is pro- 
moted, so that the fluids pass from cell to cell along the upper surface 
of the leaf, and are gradually propelled into the lower cells, where 
they are acted upon by the air through the stomata, and are ultimately 
sent into the vascular and cellular tissue of the bark, where further 
changes take place. Walker, from his experiments, has concluded 
that until after the development of the leaves no descent takes place.* 

261. Elaborated or Deacending Nap. — The elaborated sap is some- 
times clear and transparent, at other times it is milky or variously 
coloured and opaque. By Schultz it has been called latex , and the 

* Walker's Exp. on Motion of Sap in Trees. Trans. Roy. Soa Eclin. I & 
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vessels transmitting it have been denominated laticiferous (IF 38). The 
latex contains granules, which exhibit certain movements under the 
microscope. These were first noticed by Schultz, who has written a 
very elaborate treatise on the subject.* Carpenter considers such 
movements as analogous to those observable in the capillary circulation 
of animals. On account of these movements in the latex, the latici- 
ferous vessels have been denominated Cinenchymatous (xtv I move), 
and the movements themselves are included under the name Cyclosis 
(KVKhog, a circle.) Schultz looks upon the latex as a fluid of vital im- 
portance, and similar to the blood in animals. His views are opposed 
by Mohl, Tristan, and Treviranus, who consider the latex as a granular 
fluid containing oil, resin, and caoutchouc, which exhibits molecular 
movements only when injury is done to the vessels containing it. 

262. The plants in which the movements are best observed, are those 
in which the latex is milky or coloured, such as various species of 
Ficus, Euphorbia, and Chelidonium. In fig. 223 there is represented 
a small fragment of a leaf of 
Chelidonium majus ( celandine ), 
which shdVs the current of 
orange granules in the lati- 
ciferous vessels, their direction 
being indicated by arrows. Ob- 
servation seems to confirm the 
truth of Schultz’s statements. 

It is true, as Mohl remarks, 
that any injury done to the part 
examined causes peculiar os- 
cillatory movements, which 
speedily cease. Thus if the 
young unexpanded sepal of 
the Celandine is removed from 
the plant, and put under the 
microscope, or if the inner 
lining of the young stipule of 
Ficus elastica be treated in a 
similar manner, very obvious 
motion is seen in the granular 
contents of the vessels, and this ‘motion is affected by pricking the 
vessels or by pressure. In order to avoid fallacy, however, if the 
microscope be applied to the stipules of Ficus elastica, while still 
attached to the plant and uninjured, it will be remarked that, while 

* Nova acta Acadcmiae Caesar. Leopold-CaroL Natur® Carlos, tom. xviii. 

Fig. 223.— Small portions of the leaf of Chelidonium majns or Celandine, (highly magnified), 
showing a net-work of laticiferous vessels. The direction of the currents in the vessels is indi- 
cated by the arrows. 
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pressure with any blunt object on the stipule causes a marked 
oscillation in the vessels showing their continuity, there will, never- 
theless, be observed a regular movement from the apex towards the 
base, independent of external influences, when the stipule is simply 
allowed to lie on the field of the microscope without any pressure or 
injury whatever. This movement has been observed to continue for 
at least twenty minutes, and there is no doubt it might have been 
observed longer. It is of importance to distinguish between those 
molecular movements which are caused by injury and pressure, and 
those which depend on processes going on in the interior of the 
living plant. Those experiments, though by no means complete, 
lead at present to the adoption of Schultz’s opinion relative to the 
existence of cyclosis. 

263. The elaborated sap descends partly by the vessels of latex, and 
•partly by those of the liber. It has been said that there is sometimes 
a difference in the sap contained in these two kinds of vessels. Occa- 
sionally, as in Euphorbia canariensis, the elaborated sap has acrid 
properties, while the ascending sap is bland and wholesome. The 
elaborated sap contributes to the formation of the cambium, which is 
produced between the bark and wood of exogens. 

264. It appears, then, that in the case of Exogenous plants, the 
fluid matter in the soil, containing different substances in solution, is 
absorbed by the extremities of the roots, ascends to the stem, passes 
through the woody tissue, porous vessels and cells, dissolving and ap- 
propriating various new substances. Proceeding upwards and out- 
wards, this sap reaches the leaves and the bark, where it is exposed 
to the air, and is elaborated by the function of respiration. It then 
returns, or descends chiefly through the bark, either directly or in a 
circuitous manner, communicating with the central parts by the 
medullary rays, depositing various secretions, more especially in the 
bark, and giving origin to substances which are destined to nourish 
and form new tissues. Finally, it reaches the extremity of the root, 
where absorption had commenced ; a small portion is there excreted, 
while the remainder mixes with the newly-absorbed fluids, and again 
circulates in the sap. The rapidity with which the sap ascends is 
dependent on the endosmotic property of the cells in the roots, and 
on the density of the fluids. An absorption of water containing 
various matters in solution is constantly going on through the ex- 
tremities of the rootlets. This crude sap is carried forward through 
the cells, vessels, and intercellular passages, by a force which acts by 
propulsion. The stimulus of light, acting on the cellular tissue of the 
leaves, enables them to elaborate the organic compounds which are 
necessary for vegetable nutrition. The leaf-action may be reckoned 
one of attraction or suction Transpiration gives rise to a constant 
now of fluids to supply the place of those exhaled, 
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265. In the case of Endogenous plants, observations are still wanting 
by which to determine the exact course of their fluids. The vascular 
bundles contain woody vessels, which probably are concerned in the 
ascent of the sap, and vessels equivalent to those of the bark and of 
the latex, which serve for the descent of it. The cellular tissue is also 
probably concerned in the movements. Cambium is produced in 
these plants in the neighbourhood of the vascular bundles, and is thus 
generally diflused through the texture of the stem. In acrogenous 
stems, it is likely that the sap follows the same course as in Endogens, 
although, in regard to both, experiments are still wanting. In cellular 
plants, transmission of the sap takes place from one cell to another ; 
and, as their texture is often delicate, the movements are rapid. 
Many of these, as sea-weeds, When plunged into water, after having 
been dried by evaporation, imbibe the fluid with very great rapidity. 

266. The Came of the Progression of the Sap has been investigated* 
by Malpighi, Hales, Dutrochet, Draper, Bnicke, and Liebig. While 
the capillarity of the vessels in the higher plants operates to a certain 
degree, it would appear that the process of endosmose is that by which 
the continued imbibition and movement of fluids is chiefly carried on. 
From the loss of its watery contents, by exhalation, and the meta- 
morphoses going on during the process of nutrition and secretion, the 
sap becomes gradually more and more dense, and thus, throughout 
the whole plant there is a forcible endosmotic transmission of the 
thinner fluids, and a constant change in the contents of the cells and 
vessels. These movements will of course take place with greater 
vigour and rapidity according to the activity of the processes going 
on in the leaves, which thus tend to keep up the circulation. While 
the ascending movement of the sap is powerfully promoted by the 
active operation at the surface of the leaves, its lateral movements are 
no less influenced by the individual relations of each distinct cell, 
since the different functions of separate cells when actively exercised, 
call into action those vital agencies by which a transmission of the 
cellular contents is effected. 

267. Draper attributes the movement of the sap to capillary attrac- 
tion, which he considers as an electrical phenomenon. This attraction 
takes place when a fluid moistens a capillary tube, and there can be 
no flow unless a portion of this fluid is removed from the upper ex- 
tremity ; for capillarity will not of itself raise a fluid beyond the end 
of the tube. Evaporation and transpiration, which take place in 
the leaves, remove a portion of the vegetable fluids, and thus they 
promote the capillary action of the vessels. When two fluids of 
different kinds come into contact in a tube on different sides of a 
membrane (which membrane being porous, may be considered as 
made up of numerous short capillary tubes), that will pass the fastest 
which wets it most completely, or has' the greatest afEnity for it.* 
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Hence, Draper explains the phenomena of endosmose* and exosmose 
by referring them to capillary attraction, aided by transpiration. 

268. Liebig adopts a somewhat similar view of the phenomena. 
He states that the accurate experiments of Hales have shown the 
effects of evaporation and transpiration on the movements of sap. 
Transpiration takes place chiefly in clear and dry weather, and conse- 
quently is regulated by the hygrometric state of the atmosphere. 
When the weather is cloudy and the atmosphere moist, transpiration 
is checked, and stagnation of the juices takes place. The greater the 
transpiration, the greater the supply of fluid necessary. Hence, 
plants kept in the dry atmosphere of rooms fade from want of a clue 
supply to compensate for transpiration ; and hence the importance of 
pruning plants before transplanting them, so as to diminish the eva- 
porating surface, and of performing the operation in dull and moist 
weather, so as to allow the absorption of fluids to keep pace with the 
transpiration. This process of transpiration, therefore, by forming a 
vacuum, assists capillary attraction and the atmospheric pressure, and 
thus the fluids rise. As the process of endosmose and exosmose 
depends on the chemical affinity between the fluids on each side of a 
membrane, the porosity of the membrane, and the attraction existing 
between it and either of the fluids, it follows that the nature of the 
parietes of the cells and vessels of plants must have a maiked effect 
on their contents and secretions. 

269. The observations of physiologists and chemists thus lead to 
the conclusion, that the movement of the sap in plants is due partly 
to the changes effected in the leaves and other green parts, by light 
and air ; partly to capillary attraction, the continuous influence of which 
is kept up by the constant loss of fluids ; and partly to endosmose and 
exosmose. It may be said that there is a vis a (ergo , without the 
presence of leaves, as shown by the experiments of Hales (fig. 224), 
combined with vis a jronte , depending on the suction-power of the 
leaves. 

270. When cut twigs or flowers are put into water, their functions 
are kept up for some time by endosmose and capillarity. The latter 
power has great influence in such a case, and hence the cleaner the 
cut the better, so that no lacerated or ragged edge may interrupt its 
operation. In these circumstances also small solid particles and col- 
ouring matters will enter the tubes. Boucberie found that felled 
trees, the extremities of which were immediately immersed in various 
solutions, continued to imbibe them with great force and rapidity for 
many days. A Poplar, 92 feet high, absorbed in six days nearly 
sixty-six gallons of a solution of pyrolignite of iron. 

271. Heat and light have a powerful influence on the movements 
of the sap, by promoting transpiration and the action of the cells. 

g 2 



138 


PBOGKESSION OF THE SAP# 


After the winter’s repose, the first genial sunshine of spring stimulates 
the sap to activity, and after the leaves are expanded, the circulation 
goes on with vigour. The effect of leaf-buds in promoting the move- 
ment of sap, may be exhibited by introducing a single branch of a 
vine growing in the open air into a hot-house during winter, thus 
exposing it to heat and light. In this case the leaves are developed, 
and the fluids are set in motion from the roots upwards, so as to sup- 
ply this single branch, although in the other branches there is no 
circulation. 

272. In spring, the first effect of light and warmth is to stimulate 
the leaf- buds. These enlarge, and the endosmotic process commences 
in their cells. This is communicated to other cells, and gradually 
extends to the root, which draws up a continued supply of fluids from 
the soil. The matter stored up during the winter undergoes changes ; 
certain substances are dissolved, and thus the sap is thickened, so that 
the endosmotic process is powerfully increased, and the whole plant 
exhibits an active and vigorous circulation. The starch deposited in 
the previous season becomes converted into sugar and dextrine, it is 
thus readily acted on by the ascending fluids, and in a state of solu- 
tion admits of being generally diffused. Towards the latter part of 
the season, when the heat and light decrease, the leaves perform their 
functions more languidly, and there is a near approach to equilibrium 
in the density of the fluids, and ultimately there is a cessation of the 
circulation. 

273. Liebig thinks that in the case of the vine, in which, according 
to Brucke, the specific gravity of the sap in spring is very little morfe 
than that of water, the rise of the sap does not at this season depend 
on endosmose, but on the disengagement of gas, which was shown by 
Hale3 to be given off in large quantities, when the vessels were cut. 
The gas is conjectured to be carbonic acid gas, judging from the ex- 
periments of Geiger and Proust, who showed that the sap of the vine 
contains much of this acid. There is probably also some oxygen pro- 
duced in the vessels. In some stems by the breaking up of the pith 
cavities full of air are produced. Air- cavities are also met with in the 
leaves of many plants, particularly in the floating leaves of aquatics. 

274. The height to which the sap rises in the case of lofty trees, 
with spreading roots, is very great. The force with which it ascends 
has been measured by Hales, and is found to vary according to the 
state of the weather and the vigour of the plant. By fastening a bent 
tube, containing mercury, on the stem of the vine, he found in one 
of his experiments that the sap raised the mercury upwards of thirty 
inches. The apparatus used by Hales is similar to that used by 
Dutrochet, to measure endosmose, as is represented at fig. 224, 
where c is the stem of a vine cut, £ is a bent glass tube fitted to the 
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cut extremity of the vine by a copper ring, v, carefully luted and 
secured by a bit of bladder, m;n n represents the level of the 
mercury in the two branches of the i 

lower curvature, before the experi- j| 

ment, and n' n' the level at the conclu- [| 

sionofit. He calculated that the force 
of the sap in the vine, in some of his 
experiments, was five times greater 
than that of the blood in the crural 
artery of the horse. 

275. Special Movements ot Fluids. — 


Besides this general circulation of the 
sap, special movements have been ob- 
served in the individual cells of plants, 
which have been included under the 
name of Rotation ( rota , a wheel), or 
Gyration (gyrus, a circuit or circle). 
These motions have been detected in 
the cells of many aquatic plants, espe- 
cially species of Chara and Vallisneria, 
and in the hairs of Tradescantia. The 
currents proceed in a more or less 
spiral direction, and are rendered 
visible by the granules of chlorophylle 
which they carry along with them. 
There exist also other granules in the 
fluids, which are coloured yellow by 
iodine, and are probably of a nitro- 
genous nature. 

276. The species of Chara, in which 
rotation has been observed, are aquatic 
plants growing in stagnant ponds, and 
are composed of a series of cylindrical 
cells, placed end to end. Sometimes 
the plant consists of a single central 
cell; at other times there are several 
smaller ones surrounding it, which re- 
quire to be scraped off in order to 
see the movements. Many of the 
species are incrusted with calcareous 



matter, so as become opaque, while others, as Chara fiexilis, included 


Fig 224.— Experiment by Hales, to show the force of ascent of the sap. e, Stock of a vine cut. 
A glass tube with a double curvature attached to the upper part of the vine-stock, by means 
of a copper cap, v, which is secured by means of a lute and piece of a bladder, m. n », Level of 
tne column of mercury in the two brunches of the tube at the commencement of the experiment. 
*» » , Level at the conclusion of the experiment 
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under the division Nitella, have no incrustation, and are transparent. 
Those plants with unincrusted tubular cells best exhibit such move- 
ments. In these plants the movements take place between the two 
membranes of which the cell-wall is composed. They are not inter- 
rupted should a division of the cell be effected by ligature, as a 
separate motion may then be observed in either section. Some 
granules, of a green colour, are attached to the cell- wall, while others 
are carried with the current, which passes along one side and returns 
by the other, following an elongated spiral direction. The descend- 
ing current in the branches is next to the axis. 

277. In Vallisneria spiralis (which includes V. Micheliana and 
Jacquiniana), the cells in all parts of the plant, a? in the leaf, root, 
flower-stalk, and calyx, contain numerous green granules, and an 
occasional cytoblast or nucleus, which, under certain circumstances, 
are carried, with the juices of the plant, in continual revolution round 
the walls of each cell. Although in different cells the currents pro- 
ceed often in different directions, still, in any given cell the rotation 
is uniform ; for if stopped by cold it resumes the same direction. 
Rotation will continue in detached portions of the plant for several 
days, or even for three or four weeks. The best way of showing 
these motions is to take a small portion of a young leaf and divide it 
in halves, by making a very oblique section on the plane of the leaf, 
by which means a transparent end is obtained. This should be done 
at least an hour before it is put under the microscope. The part is 
to be viewed in water, between two pieces of glass ; and a little heat 
is sometimes useful in causing the movements to commence. In 
Vallisneria the motion ceases at about 45° Fahr., while in Chara, it 
goes on at a lower temperature ; if the temperature be raised above 
150° the motion ceases. 

278. A similar intra-cellular circulation is seen in species of Pota- 
mogeton, Hydrocharis, and Anacharis, as well as in the monili- 
form purple hairs on the filaments, and in the calycine hairs of Trade- 
scantia virginica. In the examination of these hairs a higher micro- 
scopic power is required than in the case of the plants previously 
mentioned. The nucleus in the cells of these hairs is usually fixed to 
the walls, and the movements take place to and from it, and appear 
to be confined between a double cell-wall. Fig. 225 shows a calycine 
hair, p 7 of Tradescantia virginica, with a small portion of the epider- 
mis, e e } on which a stoma, s, is seen. In each of the cells, both of 
the epidermis and the hair, there is a nucleus, n, and rotatory cur- 
rents, the direction of which is indicated by that of the arrows. In 
each cell, as seen in a, there are several currents, which cross each 
other at the point where the nucleus is situated, thus giving rise to 
the appearance of an irregular net- work. The hairs of many other 
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flowering plants exhibit rotation (fig. 86), and it is probable that in 
all young cells there are currents 
or streams radiating from the 
nucleus. The fluid circulating 
is a mucilaginous protoplasm or 
formative matter, and in Chara 
and Vallisneria it forms a uniform 
investing layer on the inner sur- 
face of the cell. The motions 
would appear to be connected in 
some way with the nutrition of 
cells and the formation of new 
ones; and, while they continue 
throughout life in aquatics, they 
• often cease in plants living in air, 
after they have attained a certain 
development. Mold's experi- 
ments have shown that at the 
temperature of 66° Fahrenheit, 
the quickest motion was 1 -125th 
of a Parisian line,* the slowest, 
l-600th, and the mean, l-185th. 

279. Some of these movements, 
especially in hairs, were looked 
upon by Schultz as occurring in 
minute vessels, and therefore he 
included them under cyclosis. 

Schleiden maintains that in the 
Vallisneria cells it is not the cellu- 
lar sap that is in motion, but a 
' mucilaginous fluid, with which thechlorophylle granulesand the nucleus 
are connected, and which flows in an uninterrupted manner along the 
cell- walls, but on account of its transparency and slight thickness, is not 
easily seen. In Chara, also, he states it is not the cell-sap which moves, 
but a denser fluid, present in large quantity ,, and occupying the outer 
part of the cell cavity. Mohl thinks that a homogeneous protoplasm 
fills these cells at first completely, but that during growth it becomes 
hollowed out into one or more cavities, and that around these the 
mucilaginous matter circulates. In Vallisneria, there is only one 
cavity, while in other plants there are several, giving rise to the 

* Parisian line ■■ 088815 of inch. 

Fitf. 225.— Hair, p. taken from the calyx of Tradescantia virginicn, with a small portion of the 
epidermis, e «, on which there is a stoma, s. In each of the epidermal cells there is a nucleus, v, 
and currents (rotation), the direction of winch is indicated by the arrows. Ih each cell there 
ai e several currents moving to and from the nucleus, as is well seen at a. in the elongated cells 
ul the hair, the nucleus, n, is carried along with the currents 
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appearance of mucilaginous streams or lines running from the nucleus 
to the cell-walk These mucilaginous lines, he says, occasionally after 
the circulation has ceased, remain permanently on the cell -wall. The 
existence of spiral fibres in cells has been traced to currents of this 
kind. Amici is of opinion that in chara the chlorophy lie-granules lining 
the walls of the cell exercise a galvanic action upon the sap, and that 
the action is thereby produced. 

280. The velocity of the currents in various plants, at 66° to 68° 
Fahrenheit, is thus given by Mohl : — 

Filamental hairs of Tradescantia virginica, — to v J ^ of a Parisian line in a second ; 



a second. 


£IHnrrir»or hoira A f TTtrif»fl hnnplfprn rmurlrPSt.. slnWASf. 1^- ! mfiAn. 



Hairs of CucuTbita Pepo — quickest, ; slowest, ; mean, tvft- 


The measurements were made by noting the passage of the globules 
across the field of a micrometer, fixed in the ocular of the microscope, 
and counting the strokes of a second’s pendulum. These movements 
appear more rapid to the observer ; but then it must be recollected 
that the parts are seen in a highly magnified state. 

281. The Cause of Rotation has not been satisfactorily explained. 

Some attribute it to electrical or magnetic currents causing attraction 
and repulsion of the granular contents of cells. The different contents 
of the cells, according to them, mutually act and react on each other, 
and thus give rise to movements similar to those which take place on 
the surface of water when oily or resinous matters are added, and 
which have been called epipolic on the surface). Recent 

observations, by Dutrochet, seem to show that the magnetic force 
exercises no influence over the movements in Chara. Others believe 
that while heat, and electricity, and physical agents, stimulate these 
movements, they are not the cause of them. Some trace the move- 
ments to the presence of the nucleus, and look upon them as connected 
with the period of growth when new cells are being formed, and as 
ceasing after the nucleus has disappeared. Mechanical explanations 
fail to explain the nature of those movements. This rotation or 
gyration is not connected with general circulation of the sap, but is a 
special movement in individual cells. As yet, no good explanation 
of it has been brought forward. All we can say is, that the motions 
must be considered as physico-vital phenomena. 

3. — Respiration of Plants. 

282. The changes which are produced in the atmosphere by living 
plants have been included under the title of Vegetable Respiration, 
The experiments of Priestley, in 1771, showed that plants when put 
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into an atmosphere containing a considerable proportion of carbonic 
acid, and exposed to light, purified the air by removing carbon and 
producing oxygen. Air in which animals had died was thus ren- 
dered again fit for breathing. Percival confirmed those observations, 
Scheele made a series of experiments with nitrogen in place of carbonic 
acid, and he found that plants did not purify an atmosphere composed 
of nitrogen alone. The foul air, then, in his experiments, differed 
completely from that in Priestley’s experiments, and hence the difference 
of results. Ingenhouz and Senebier performed numerous experiments, 
which proved that during the day, plants gave out oxygen gas, while 
during darkness, this process was suspended. The former has shown 
that the green portions of all vegetables, irrespective of their specific 
* properties, are equally available for such operations ; that it is from 
the under surface of the matured leaves that oxygen is chiefly given 
off ; and that in plants placed in the shade the action of the leaves 
does not prevent deterioration of the air. Saussure stated, that 
during the night, oxygen gas was absorbed in different quantities 
by plants. Fleshy plants absorbed least ; next came evergreen 
trees, and then deciduous trees and shrubs. This absorption of 
oxygen is attended with the formation of carbonic and other acids. 
It has been said that some leaves, on account of this process of 
oxidation, are acid in the morning, and become tasteless during 
the day. Decandolle, Ellis, Daubeny, and numerous other observers, 
have confirmed the conclusions drawn by the early experimenters. 
The results of all these observations are, that plants, more especi- 
ally their leaves and green parts, have the power of decomposing 
carbonic acid under the influence of solar light, and of evolving oxygen. 
While in darkness, no such decomposition takes place, oxygen is ab- 
sorbed in moderate quantity, and some carbonic acid is given off. 
The former process caused by the deoxidizing power of plants, much 
exceeds the latter in amount. 

283. Burnett endeavoured to show that there are two processes 
constantly going on in plants, one being what he calls digestion, con- 
sisting in the fixation of carbon and the evolution of oxygen, and 
only carried on during the day ; the other being what he calls proper 
respiration , consisting in the evolution of carbonic acid gas, and carried 
on at all periods of a plant’s growth. He thinks that his experiments 
prove the disengagement of carbonic acid from the leaves of plants, 
both during night and day. Carpenter entertains similar opinions. 
He considers that under all circumstances vegetable respiration is a 
process continued throughout and essential for vegetable life, that it 
consists of the elimination from the system of the superfluous carbon, 
either by its entering into combination with the oxygen of the air, 
or by giving off carbonic acid to replace the oxygen absorbed.* 

* Carpenter, Prin. Pby. p. 730. 
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Mr. Pepys is of opinion that the evolution of carbonic acid indicates an 
abnormal condition of the leaf, which, in the process of healthy active 
vegetation, absorbs carbonic acid and disengages oxygen. He believes 
that the action of light leads to the greater perfection ctf this function 
which is less energetically performed, jf not wholly suspended 
during the night.* What is generally called vegetable respiration, 
may be regarded as equivalent to digestion, consisting, as it does, of 
the decomposition of certain matters, and the fixation of others by a 
process of assimilation ; but there is no evidence of the constant exha- 
lation of carbonic acid from healthy leaves in the same way as occurs 
in animal respiration. It would appear to be more correct to consider 
the processes in animals and vegetables as opposed ; respiration in 
the former being the elimination of carbon, while in the latter it is the 1 
elimination of oxygen. 

284. The changes produced in the atmosphere are caused chiefly 
by the superficial green parts of plants. It was long ago supposed 
that the spiral vessels from their structure were to be looked upon as 
true wind-pipes or trachese, conveying air from the stomata or pores 
in the leaves. But although they contain aeriform matters, they have 
been shown to be not directly concerned with the changes in the 
atmosphere, and to have no immediate connection with the stomata. 
The oxygen evolved by plants appears to be derived from the carbonic 
acid (CO 2 ), the carbon of which is appropriated, and from water (HO ), 
the hydrogen of which is assimilated. Light is necessary for these 
decompositions, and it is probable that the alkalies taken up by the 
roots aid the process. 

285. If the leaves of a plant are bent under an inverted tumbler of 
water, in a pneumatic trough, aud exposed to the sun, bubbles of gas 
will soon be given off, which are found to be pure oxygen ; and if the 
water contains carbonic acid, there will be a diminution in its quantity. 
The same leaves in darkness will not evolve any oxygen, light being 
essential for the process. The oxygen derived from the carbonic acid 
may be all evolved, or part of it may in its nascent state enter into 
certain combinations within the plant. The" brighter and longer 
continued the light, the more oxygen is given off, and the greater the 
quantity of carbon added to the plant. If a healthy plant is covered by 
a bell jar, and exposed to light for twelve hours, oxygen will be formed, 
and if carbonic acid be added to the air, it will gradually diminish, 
while the oxygen will increase. During the night the action is re- 
versed, and if the plant is left twelve hours in darkness, the oxygen 
will decrease, while carbonic acid will increase. Daubeny, from his 
experiments respecting the action of plants on a known amount of 
atmospheric air — effected by placing plants beneath large glasses* — 


Pepys on the Respiration of Leaves of Plants. PhiL Trans. 1843, p. 839. 
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states that leaves are requisite for the purification of the air, that the 
action of light on them gives rise to the emission of oxygen, and 
the decomposition of carbonic acid, that for the elimination of 
oxygen the presence of carbonic acid is requisite, and that the greatest 
amount of oxygen which can, by vegetable respiration, be added to 
air confined within ajar is 18 per cent.* 

286. The fixation of carbon probably takes place gradually, giving 
rise at different stages to the formation of various organized compounds. 
Thus, two atoms of carbpnic acid, by losing one of oxygen, become 
oxalic acid ; this oxalic acid, with the aid of water, may yield other 
acids, from which by the elimination of oxygen, and the addition of 
the elements of water, various unazotised matters, as starch, gum, and 
sugar, may be derived ; these changes being promoted by the presence 
of alkalies. The fixation of carbon and hydrogen from the decompo- 
sition of carbonic acid and water, gives rise to the formation of the 
various secretions found in the bark and external cells, as chlorophylle, 
resins, oils, caoutchouc, and wax. 

287. Carbonic acid, as has been already noticed, is taken up in large 
quantity by the roots of plants from the soil, and it is also probably 
absorbed from the atmosphere by the leaves. In the interior of plants 
it is changed in various ways, but it is in the leaves more especially 
that its decomposition takes place. At night it is given off unchanged, 
by what Liebig considers as a mere process of exosmose, in consequence 
of the dissolved acid being no longer assimilated by the action of light. 
Others say that carbonic acid is not produced by exhalation only, but 
is also derived from the direct union between the oxygen of the air 
and the carbon of the plant. This may occur in some plants without 
leaves, as Fungi, where a direct process of oxidation takes place in the 
organic matters which have been assimilated. The quantity of this 
acid given off during the night, is by no means equal to that which is 
absorbed by the plant during the day. 

^ 288. The parts of plants which are not green, seem to absorb oxygen. 
Thus, roots and subterranean organs act in this way, and the presence 
of oxygen seems to be necessary for their growth. There are also 
certain periods in the life of a plant when carbonic acid is given off 
in large quantity, even during the day, depending on a chemical change 
taking place in the starch of the plant, by which it is converted into 
sugar. Ihese periods are germination, flowering, and fruiting. The 
changes produced will be alluded to when these subjects are considered. 
When plants are decaying, or are in an unhealthy state, they undergo 
chemical changes, by which carbonic acid is formed. This was found 
by Burnett to have influenced the results of some of Mr, Ellis’s early 
experiments. 

289. Certain plants have a great power of decomposing carbonic 

* Daubeny on tlie 'Action of Plants on Atmosphere. Phil. Trans. 3836, p. 103. 

H 
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acid under the action of light. This is particularly the case with 
aquatics. It is thus that they keep up the purity of the pools and 
ponds in which they grow. Pistia Stratiotes has this effect in the 
Batavian ponds, and Sir II. Davy notices the great vigour of aquatic 
plants in the lake Solfatara, where carbonic acid was constantly bub- 
bling up on the surface. The oxygenation of the water by aquatics 
has also been observed by Morren of Geneva. 

200. Experiments have been made as to the effect of the different 
rays of the spectrum in aiding the decomposition of carbonic acid, by 
the green parts of plants. Draper states that the light-giving rays, or 
those nearest the yellow, have the greatest effect ; while the heat-giving 
and the tithonic, or chemical rays, had scarcely any influence. The 
experiments of Hunt also lead to the conclusion, that the yellow rays 
have most effect in the fixation of carbon, and in the production of 
woody matter. 

291. While the breathing of man and animals, and the various 
processes of combustion, are constantly abstracting oxygen from the 
atmosphere, and substituting carbonic acid, plants are decomposing 
this noxious gas, and restoring the oxygen. In tropical countries, 
where the vegetation is luxuriant and the light intense, the fixation of 
carbon and evolution of oxygen goes on with great vigour, thus fur- 
nishing a supply to those regions where, during certain periods of the 
year, both vegetation and heat are deficient. 


Effects of certain Gases on living Plants. 

292. It has been already stated that plants can live in an atmos- 
phere containing a considerable proportion of carbonic acid, provided 
they are exposed to the light. Thus, an atmosphere which could not 
be breathed by man and animals is capable of supporting vegetable 
life. The experiments of Priestley, Percival, and Saussure, show, 
however, that plants will not continue to exercise their functions in 
pure carbonic acid gas, but that in all cases a certain quantity of free 
oxygen must be present. It has been found that though plants do not 
thrive in pure nitrogen, nor in hydrogen gas, yet their vitality is not 
destroyed by their presence. Saussure observed that vegetable life 
was maintained by a plant of Lythrum Salicaria for five weeks, in an 
atmosphere of hydrogen gas. Nitrogen has been proved to be ap- 
parently innocuous. These gases seem of themselves to have no directly 
injurious effects, but to act chiefly by depriving the plants of carbon 
and oxygen. 

293. There are certain gases which have very prejudicial effects on 
plants, as proved by the experiments of Turner and Christison.* 

, ’ * See Edinburgh Medical and Surgical Journal, vol. xxTiii. p. 356. 
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Some of them act as irritant poisons, causing local disorganization ; 
others as narcotic poisons, inducing a drooping and decay of the entire 
plant. To the former class belong sulphurous acid gas, hydrochloric 
or muriatic acid gas, chlorine and nitrous acid gas ; while under the 
latter are classed sulphuretted hydrogen, cyanogen, carbonic oxide, 
and ammoniacal gas. 

294. Sulphurous Acid Gnu is highly injurious to plants. It pro- 
duces greyish -yellow dry-looking spots on the leaves, which gradually 
extend until the leaves are destroyed and fall. The effect resembles 
much the ordinary decay of the leaves in autumn. The proportion 
of gas, in some experiments, was only 1 in 9,000 or 10,000 parts of 
air, and the quantity of a cubic inch; and yet the whole unfolded 
leaves of a mignonette plant were destroyed in forty-eight hours. This 
proportion of the gas is hardly or not at all discoverable by the smell. 

295. Muriatic Acid produced elfects similar and scarcely in- 
ferior to those of the last-mentioned gas. When ^ of an inch was 
diluted with 10,000 parts of air, it acted destructively on Laburnum 
and Larch, destroying the whole vegetation in less than two days. 
Even when in quantity not perceptible by the smell, it still acts as an 
irritant poison. 

296. Sulphuretted Hydrogen acted in a different way from the acid 
gases. The latter attacked the leaves at the tips first, and gradually 
extended their operation to the leaf-stalks. When in considerable 
proportion, their effects began in a few minutes ; and, if diluted, the 
parts not attacked generally survived if the plants were removed into 
the air. But in the case of sulphuretted hydrogen, the leaves, without 
being injured in texture or colour, became flaccid and drooping, and 
the plant did not recover when removed into the air. It required a 
larger quantity of this gas to produce the effects stated. When six 
inches were added to sixty times their volume of aii, the drooping 
began in ten hours. This gas then acts like a narcotic poison, by de- 
stroying vegetable life throughout the whole plant at once. 

297. These observations point out the great injury which is caused 
to plants by the gases given off during the combustion of coal, and 
more especially by certain chemical works. In the vicinity of the 
latter, the vegetation, for a considerable distance around, is often 
destroyed, particularly in the direction of the prevailing winds of the 
locality. The atmosphere of large manufacturing towns, in which 
fuliginous matter and sulphurous gases abound, is peculiarly hurtful 
to vegetable life. In order to protect plants from such prejudicial 
influences, Mr. N. B. Ward has invented close glass Cases, in which 
plants can be made to grow independently of the noxious atmosphere 
around.* These Cases consist of a trough containing soil, and a frame 
of glass, which is accurately fitted upon it. The soil is w r ell supplied 

• See Ward on the growth of plants in closed Cases. 
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with water at first, and after the plants are put in they are kept exposed 
to the light. In these circumstances, they will continue to thrive for 
a long time, even for years, without any fresh supply of moisture or 
any direct exposure to the air. They are peculiarly fitted for roams 
where the dryness of the atmosphere intei feres with the vigour of 
plants, by causing greater exhalation than can be compensated by the 
absorption of moisture by the roots. Some tribes of plants, as Ferns, 
requiring a humid atmosphere, thrive well in such Cases. The windows 
of houses may be converted by this means into conservatories. Those 
who wish to see the effects thus produced, ought to visit Mr. Ward’s 
house, at Clapham Rise, London. Nothing can exceed the beauty 
and luxuriance of his Ferns. 

298. But it is not merely as matters of luxury and curiosity that 
these Cases deserve notice. They serve as a most important means of 
transporting plants, in a living state, to and from foreign climates ; and 
they are in constant use for that purpose. Plants have thus been 
brought to this country which could not have retained their vitality in 
the form of seed, and which would have been destroyed by exposure 
to the sea-breeze and to the vicissitudes of climate experienced during 
their transport. Plants of Musa Cavendishii have thus been introduced 
into the South Sea Islands with the happiest results ; Tea plants have 
been transported in great numbers from Cliiua to India. Mr. Fortune 
sent to the London Horticultural Society a number of these Cases 
filled with plants from China. The stillness of the atmosphere in 
the Case contributes materially to prevent injurious consequences. 
In June 1833, Mr. Ward ^lled two Cases with Ferns, Grasses, etc., 
and sent them to Sydney, where they arrived in January 1834. 
The plants were taken out in good condition, and the Cases 
were refilled at Sydney, in February 1834, the thermometer then 
being between 90° and 100° Fahrenheit. In tlieir passage to Eng- 
land, they encountered very varying temperatures. The ther- 
mometer fell to 20° on rounding Cape Horn, and the decks were 
covered a foot with snow. In crossing the line, the thermometer 
rose to 120°, and fell to 40° on tlieir anival in the British channel in 
the beginning of November, eight months after they had been enclosed. 
The plants were not once watered during the voyage, and received no 
protection by day or by night, but were taken out at Loddiges in a 
most healthy and vigorous condition. 

299. It is a mistake to suppose that the air in the Cases is not 
changed. They are not hermetically scaled ; and by the law of diffu- 
sion of gases there is a constant although gradual mixture of the external 
air, free however from many impurities, with that inside. Plants will 
continue to grow for a long time, even in Cases hermetically sealed, if 
supplied at first with abundance of good soil and water. By the united 
action of the plant and light, the air undergoes constant changes, and 
thus continues fit for vegetable life. 
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4.— Products and Secretions of Plants. 

SCO. The sap in its progress through the cells and vessels, and espe- 
cially in its passage through the leaves, is converted into organizable 
products, from which the vegetable tissues and the secretions contained 
in them are elaborated. Light, by enabling plants to fix carbon, has* 
an important influence over these secretions. When plants are kept 
in darkness they become etiolated or blanched, and do not^form their 
proper secretions. Gardeners resort to the practice of blanching when 
they wish to diminish or destroy certain secretions, and to render plants 
fit for food ; a familiar example of which may be seen in their culture 
of the Apium graveolens or Celery. In speaking of the contents of 
cells and vessels, allusion has already been made to some of the more 
important organizable products. It is proposed in this* place to take 
a general view of those vegetable secretions which are connected with 
the nutrition of plants, or which are important on account of their 
medical or commercial uses. Some of these occur in small quantity, 
and are limited to certain plants only ; others are abundant, and more 
universal in their distribution. Thus, while quinine and morphine, the 
active ingredients of Peruvian bark and opium, are circumscribed, 
bolh as regards quantity and distribution, starch, gum, sugar, woody 
matter, and certain nitrogenous compounds are more abundant, and 
more generally diffused over the vegetable kingdom. The latter 
substances therefore demand especial attention. If a plant is macer- 
ated in water, and all its soluble pints Amoved, lignum or woody 
fibre is left, and the water in which it has been macerated, gradually 
deposits starch. If the liquid is boiled, a scum coagulates, formed of 
albumen and some azotised matters, w'hile gum and sugar remain in 
solution. 

oOl. starch is a general product, being laid up as a store of nourish- 
ment, and undergoing changes at certain periods of a plant’s life, which 
fit it for further uses in the economy of vegetation. It is not found 
in animal cells. It consists of C 12 ll 10 O 10 , and occurs in the form of 
grains of various sizes and forms, having an external membrane, en- 
closing a soluble substance. By boiling in water, the pellicle bursts, and 
the contents are dissolved, becoming gelatinous on cooling. The cir- 
cular markings and striae seen on the grains, and the part called the 
hilum, have already been noticed (f 1 7). The grains of potato starch 
seen by polarized light, exhibit a well-marked black cross, the centre 
of which corresponds with the hilum. Some plants, such as potato, 
arrow-root, and wheat, contain a large quantity of starch, which 
varies, however, in quantity according to the period of growth. Thus, 
while starch abounds towards the latter part of the season in the 
potato, it decreases when the tubers begin to germinate in spring. 
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It was found that 240 lbs. of potatoes, left in the ground, contained 
of starch : — 


In August 23 to 25 lb 5 *., or 9*6 to 10*4 per cent. 

■ September 32 “ 38 “ “ 13*3 “16 

’October 32 “40 “ “ 13*3 “16*6 

November 38 “45 “ “36 “ 18*7 

April 38 “ 28 “ “ 16 « 11*6 

■ May 28 “ 20 “ “ 11*6 “ 8*3 


The quantity of starch remained the same during the dormant state 
in winter, but decreased whenever the plant began to grow, and to 
require a supply of nourishment. 

302. Starch is stored up in many seeds. It exists in roots, especially 
in those which are fleshy ; in stems ; in the receptacles of flowers ; and 
in pulpy fruits. The seed-lobes of the Bean and Pea, and many other 
leguminous pfants ; the roots and the under-ground stem of Maranta 
arundinacea or Arrow- root, and of Canna coccinea or Tous-les-mois, 
Canna Achiras and C. edulis ; the stem of the Sago Palm (Sagus 
liumphii and farinifera), and of the Cycas tube; the receptacle of the 
artichoke, and the pulp of the apple, are familiar instances of parts in 
which starch abounds. The grains of potato-starch are pearly or 
sparkling in their appearance, of large size, having one or more hila, 
and often cracks on the surface Those of arrow-root are dull, white, 
and small, while those of Tous-les-mois, present a glistening appearance 
like potato-starch, and are larger. In some cases, starch is associated 
with poisonous or acrid jujges, as in Jatropha Manihot, which yields 
Cassava and’Tapioca, and in Arum maculatum, the under-ground stem 
of which furnishes Portland sago. Inuline is a substance analogous to 
starch, to which Iodine communicates a brown colour. It is found in 
the roots and tubers of Inula Ilelenium (Elecampane), Dahlia variabilis, 
and Helianthus tuberosus (Jerusalem artichoke) ; while Lichenin is a 
variety of starch occurring in Cetraria islandica (Iceland moss). 
Lichenin or lichen starch consists of C 13 II 10 O 10 , and is deposited in the 
primary cell-wall of the plant, in the form of an encrusting layer. By 
the action of malt or of sulphuric acid upon starch, by long boiling in 
water, or by heating in a tray in an oven whose temperature has been 
raised to 300° Fahrenheit, a gummy matter is produced called dextrin * 
or soluble starch composed of C 12 IT 10 O 10 . Home consider this to be 
the substance contained in the interior of the starch grains. When 
dried, it constitutes British gum. It is one of the steps in the process 
of the conversion of starch into sugar. 

303. Crum is one of the substances which are produced abundantly 
in the vegetable kingdom. Its composition is C 12 H 11 O 11 , the same as 
that of Cane sugar. It exists in many seeds, exudes from the stems 

* Dextrin is so called from possessing the property of effecting the right-handed rotation of the 
tvi n nf nAbn*f 7«i non of a ray of light. 
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and twigs of many trees, and is contained in the juices of others from 
which it does not exude. It is, one of the forms through which organic 
matter passes during the growth of plants. The different kinds of 
gums have been divided into those which are soluble in cold water 
(Arabine, mucilage), and those which only swell up into a gelatinous 
matter (Bassorine or Tragacanth, Cerasine and Pectine). Arabine is 
familiarly known by the name of gum-arabic or gum-senegal, and is 
the produce of various species of Acacia,, chiefly natives of Arabia, 
Egypt, Nubia, and Senegambia, such as Acacia Ehrenbergii, tortolis, 
Seyal, arabica, vera, and albida. From the bark of these plants it 
exudes in the form of a thick juice, which afterwards concretes into 
tears. Ehrenberg has shown that the characters of gum from the same 
species of plant are liable to considerable variation; that the same 
tree may yield a transparent or an opaque, a light or a dark coloured 
gum. Old stunted trees, in hot and dry seasons, yield the most gum. 
Arabine exists with cerasine in the gum of the Cherry and Plum. 
Mucilage is present in many of the Mallow tribe, as Malva sylvestris, 
Althaea officinalis or marsh mallow, and in Linseed. In Sphaerococcus 
crispus, mucilage is present, of which the formula is C 24 H 19 O 19 . 
Bassonne forms the chief part of gum-tragacanth, the produce of several 
species of Astragalus, and of gum-bassora. It exists in Salep, procured 
from the tubcrcules of Orchis mascula. Cerasine is that part of the 
gum of the Cherry ( Cerasus ), Plum, and Almond trees, which is 
insoluble in cold water. Pectine is a substance procured from pulpy 
fruits, as the apple and pear. It forms a jelly with water, and when 
dried, resembles guin or isinglass. It is changed by alkalies into 
pectic acid, which is found in many fruits and esculent roots. 

304. ftusar. — This substance, which forms an important article of 
diet, exists in many species of plants. Sugars have been divided into 
those which undergo vinous fermentation, as Cane and Grape sugar, 
and those which are not fermentescible, as Mannite. Cane sugar , C 5a 
II 9 0 9 + 2 IIO, is procured from Saccharum officinarum (sugar-cane), 
Beta vulgaris (beet-root), Acer saccliarinum (sugar-maple), and many 
other plants. It has been conjectured that the Calamus or sweet cane 
mentioned in the Old Testament, may be the sugar cane. At all events, 
the plant was known as early as the commencement of the Christian 
era. In the Last and West Indies, at the present time, numerous 
varieties of cane are cultivated, such as Country cane, Ivibbon cane, 
Bourbon cane, Violet or Batavian cane, which are distinguished by 
their size, form, the position and colour of their joints, their foliage, 
and their glumes. Bourbon cane is richest in saccharine matter. 
Canes demand a fertile soil, and for their perfect maturation they 
require from twelve to fourteen months. Those which are grown from 
planted slips, are plant-canes , those which sprout up from the old stems, 
are rattoons. After being cut, the canes are crushed (the pressed canes 
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being called begass ), the saccharine juice is extracted, evaporated, and 
crystallized, as Eaw or Muscovado sugar, which is afterwards refined 
in vacuo, so as to form loaf sugar. 

305. In 1844, the gross amount of sugar entered for consumption 
in the United Kingdom was 4,139,994 cwt. The quantity of sugar 
produced from the sugar cane in different parts of the world, in 1839, 
has been thus estimated : — 


British Sugar Colonies 3,571,378 cwt. 

British India. 519,12G — 

Danish West Indies 451), 000 _ 

Dutch West Indies 260,000 — 

French Sugar Colonies 2,160,000 — 

United States of America 900,000 — 

Brazil 2,400,000 — 

Java..... 4,481,312 — 


306. Maple Sugar is much used in America. It is procured from 
the sugar maple by making perforations in the stem, and allowing the 
sweet sap to flow out. Two or three holes, at the height of eighteen 
or twenty inches from the ground, are said to be sufficient for an 
ordinary tree. The season of collecting is from the beginning of Feb- 
ruary to the middle of April. Beet sugar is the produce of the root 
of Beta vulgaris, and is extensively manufactured in many parts of 
the continent. In the year 1841, there were 142,518 acres in France 
planted with beet-roofc for sugar, and the quantity of sugar produced 
was 31,621,923 kilogrammes (one kilogramme being equal to about 
2j- lbs). In Ireland much attention has been directed to the culture 
of this root with the view of manufacturing sugar. A public com- 
pany has been formed to carry out the undertaking. Though the 
sugar obtained has been of a superior quality, it does not appear to 
have been hitherto afforded in sufficient quantity to render its manu- 
facture profitable as a speculation. Manna sugar , or Mannite, differs 
from the others in not being fermentescible. Its composition is C° 
II 7 O 6 . It is the chief ingredient of Manna, which exudes from the 
Ornus europtea and rotundifolia. From Sicily and Calabria it is 
exported under the name of flake- manna. Mannite is found in the 
juices of Mushroom, in Celery, and in Laminaria saccharina, and 
Eucalyptus mannifera. Dr. Stihhouse has determined the quantity 
of Mannite in some sea- weeds as follows : — 

Laminaria saccharina 12 to 15 per cent, of Mannite. 

Halydris siliquosa \ 5 to 6 per cent. — 

Laminaria digitata 4 to 5 per cent. — 

Fucus serratus rather less. — 

Alaria esculenta about the same. — 

Rhodymenia palmata. 2 to 3 per cent. — 

Fucus vesiculosus 1 to 2 per cent — 

i nodosus nearly same. — 
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Knop and Schnederman have detected Mannite in Agaricus piperatus, 
and other chemists have found it in Cantharellus esculentus, and 
Clavellaria coralloides. 

307. Grape sugar , called also Starch sugar, or Glucose, is composed 
of C 12 IF 4 O 14 . It occurs in the juices of many plants, and is a pro- 
duct of the metamorphoses of starch, cane sugar, and woody fibre. 
It may be extracted from dry grapes, and may be prepared from 
starch by the action of an infusion of malt, or of a substance called 
Diastase 310). It is less soluble and less sweet than cane-sugar. 
It gives sweetness to gooseberries, currants, apples, pears, plums, 
apricots, and most other fruits. It is also the sweet substance of the 
chestnut, of the brewer’s wort, and of all fermented liquors. 

308. Ugninc is the substance which gives hardness and solidity to 
the cells and vessels of plants. It exists abundantly in woody fibre, 
which may be said to be composed of cellulose forming the parietes, 
and lignine forming the encrusting matter in the interior, or the Sclero- 
gen of Fayen. The latter dissolves in strong nitric acid, forming 
oxalic acid, while the former is left undissolved. Lignine is said to 
be composed of C 35 IF 4 0"°. According to Mulder, the formula for 
the ligneous matter of ordinary wood is C 40 IF’ 8 O 20 . When a portion 
of the stem of a herbaceous plant, or of newly cut wood, is reduced 
to small pieces and boiled in successive portions of water, alcohol, 
ether, diluted acids and alkalies, until everything soluble in these 
menstrua is removed, a white fibrous mass remains, to which the name 
of woody fibre is given. It varies slightly in its composition in dif- 
ferent trees, thus : — 



Oak. 

Ileeeh. 

Pine. 

Willow. 

Carbon 

52 53 ... 

... 51-45 ... 

... 50- 

, .. 49-8 

Hydrogen 

5-(><> ... 

... 5-82 ... 

... 5 55 ... 

... 5 58 

Oxj yen 

....11-78 ... 

... 42-73 ... 

... 44 15 ... 

... 44-02 


Irun wood contains 53 44 per cent, of caibon. 


This woody fibre exists in linen and paper; and these substances, 
when subjected to the action of sulphuric acid, are converted into 
grape sugar. Lignine gives support to the vegetable texture, and is 
often deposited in concentric layers. It occurs in large quantity in 
the wood of trees, and is also present in the stem of herbaceous plants. 
In some cellular plants it is absent, and the object of many horticul- 
tural operations, as blanching, is to prevent its formation. Beet-root 
and white turnips contain only 3 per cent. Lignine is not coloured 
by iodine. 

309. All these organic substances, consisting of caibon united with 
the elements of water, are easily convertible into each other by the 
action of sulphuric acid and heat. Similar changes are induced during 
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the gTowth and development of plants, as will be noticed under the 
head of flowering, fruiting, and germination. In many unazotised 
matters the proportion of the elements is the same, or they are 
isomeric. Thus, cellulose and starch have the same composition, and 
the difference in their qualities seems to deppnd on the mode in which 
the elements are united. Their form is altered by a change in the 
molecular arrangement. The unazotised products which have been 
noticed, supply carbon for the respiration of man and animals, and 
probably assist in the formation of fat. It is impossible to notice all 
the compounds of carbon, oxygen, and hydrogen, found in plants. 
For example, Sail cine, a bitter neutral crystalline substance, is pro- 
cured from the bark of Salix alba, Helix, purpurea, viminalis, pen- 
tandra, &c. ; and Phloridzine, an analogous substance, occurs in the 
bark of the roots of the apple, pear, and plum. 

310. Azotiscd Product*. — There are certain azotised products which 
exist in greater or less quantity in plants, and which are particularly 
abundant in grains and seeds. The nutritive matter of wheat con- 
sists of starch or unazotised matter, separable by washing, and of 
azotised matter or gluten. Gluten is composed of certain proteine 
compounds (Fibrine, Caseine, Albumen, Emulsine), containing car- 
bon, oxygen, hydrogen, and nitrogen, with some phosphorus and 
sulphur. Vegetable fibrine is the essential part of the gluten of 
wheat, and of the cereal grains. It may he procured by treating 
with ether the glutinous mass left after kneading wheat flour in 
linen bags under water. Vegetable caseine or legumine is an essential 
part of the seeds of Leguminous plants, and also of oily seeds. It 
may be procured in solution from kidney beans and peas, by bruis- 
ing them in a mortar with cold water, and straining. Vegetable 
albumen occurs in a soluble form associated with caseine. It forms 
a small proportion of cereal grains. Wheat is said to contain J to 
n per cent. ; Rye, 2 to 3|- per cent. , Barley, , J 0 to | per cent. ; 
and Oats, ^ to I per cent. It is distinguished by its coagulation at 
a temperature of 140° to 1G0°, and by not being precipitated by 
acetic acid. These three compounds dissolve in a solution of caustic 
potash ; and if to the solution acetic acid is added, the same precipi- 
tate is obtained whichever of t^e three is employed. This precipi- 
tate is called Proteine I have the first place). Its formula 

is C 48 PI 3G N 6 O 14 . Fibrine is proteine + S. + Ph. Albumen is 
proteine + S 2 + Ph. Caseine is proteine + S. Emulsine , or synap - 
toe, is a nitrogenous compound found in certain oily seeds, as in 
almonds. It exists in the milky emulsion which these seeds form in 
water, and it is coagulated by acetic acid, and by heat. In bitter 
almonds, it is associated with a substance called amygdaline , on which 
it acts in a peculiar manner, producing hydrocyanic acid. Diastase 
is aa azotised substance procured from malt, and developed during 
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the germination of plants. It is probably fibrine in an altered state, 
and it has the power of promoting the conversion of starch into 
sugar. 

311. The azotised products of plants have a similar composition 
with blood and muscular fibre, and hence their value in the food 
of man and animals. The following table gives a general view of 
the quantity of azotised and unazotised matters occurring in certain 
plants, with the amount of water and inorganic matter : — 


Peas 

Wntcr. 

16 .... 

Azotised 

mutter. 

23 ... 

Carbonaceous 

mattei 

5 \ 

Ashes. 
... 3 


. . „ ]4 . .. 

31 ... 

52* .... 

... 3 

Lentils 

16 .... 

33 

48 

... 3 

( bits . . . . 

18 ... 

11 ... 

68 

... 3 

Barley... t 

. 16 .... 

1 1 

63 

... 2 

Potatoes . 

72 .... 

o 

25 

... 1 

Turnips 

83 .... 

”... 1 ... 

3 

... 1 


312. The following arrangement is given by Fromberg of the 
comparative value of various plants as articles of food, taking into 
account the proteine compounds, and the starch, gum, and sacchar- 
ine matter which they contain, the highest value being 100; — 


Beans 

100 | 

I five 


Pens 

81) 

1 Bailey 

50 

Oats 

75 

Potatoes 


Wheal 

70 

Kice 

35 

Maize 

60 




313. As regards the produce of different crops per acre, Johnston 
gives the following estimate of the nutritive products which tlmy 
yield 


Average produce per No of lbs. of true 

m.i e of tubers and uuti uncut in pi o- 

£i urn, duec ol an acre. 

Beet, Mai gel-wurzel, and Turnip SO tons 672 lbs. 

Beans 60 bushels, or 11)80 lbs 501 — 

Potatoes 8 tons 858 — 

Peas 20 bushels, or 1160 lbs 318 — 

Bariev o^bushels, or 1872 lbs 243 — 

Jerusalem Ailieliokes lwtons 224 — 

Wheat 25 bushels, or 1500 lbs 180 — 

Oats 30 bushels, or 1200 lbs 132 — 


314. Fixed on* are found in the cells and intercellular spaces of 
the fruit, leaves, and other parts. Some of these are drying oils, 
as Linseed oil, from Linum usitatissimum ; others are fat oils, as 
that from Olives (fruit of Olea europiea) ; while others are solid, a9 
Palm oil. The solid oils or fats procured from plants, are Butter 
of Cacao, from Theobroma Cacao ; of Cinnamon, from Cinnamomum 
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zeylanicum ; of Nutmeg, from Myristica moschata ; of Coco-nut, from 
Cocos nucifera ; of Laurel, from Laurus nobilis ; Palm oil, from Elais 
guinecnsis; Shea butter, from Bassia Parkii; Galam butter, from 
Bassia butyracca ; and Vegetable tallow, from Stillingia sebifera in 
China, from Vateria indica in India, and from Pentadesma butyracea 
in Sierra Leone. These oils contain a large amount of stearine, and 
are used as substitutes for fat. Castor Oil, from the seeds of Eicinus 
communis, differs from other fixed oils in its composition. 

815. Decandolle gives the following table to show the quantity 
of oils got from seeds : — 


Hazel-nut 00 per cent, in weight. 

Garden Cres.s 57 

Olive 50 

"Walnut 50 

Poppy 4 X 

Almond 4G 

Euphorbia Lath- 

yris 41 

Colza. 50 


White Mustard. ..50 per cent, in weight. 

Tobacco 54 — — 

Plum 55 — — 

Woad 50 — — 

llemp 25 — — 

Flax 22 — — 

Sunflower 15 — — 

11 uck wheat 11 — — 

Grapes 12 — — 


316. vegetable Wax is a peculiar fatty matter sometimes found in 
the stem and fruit of plants. It is procured from several species 
of Palms, as Ceroxylon Andieola, and Copeimcia cenfera, and from the 
fruit of Myrica cenfera or candle-berry myrtle, and Myiica oordifoha. 
By boiling these plants in water and compressing them the wax exudes, 
floats on the water, and may be collected and re-melted It is of a green- 
ish yellow colour. By saponification it yields stearic, marganc, and 
oleic acids, along with glycerine. It therefore more closely approxi- 
mates the character of lilt rather than wax. Waxy matter also occurs 
on the exterior of fruits, giving rise to the bloom of grapes, plums, &c., 
on the outer surface of the bracts of Musa paradisiaca, and on the leaves 
of many species of Encephalartos. In Cork there exists a fatty body 
which, when acted upon by nitric acid, yields suberic acid. Chloro- 
pbylle, or the green colouring matter of leaves, is allied to wax in its 
nature, being soluble in ether and alcohol, but insoluble in water. 

317. Volatile or Kssentmi OiIm occur in the stem, leaves, flowers, 
and fruit of many odoriferous plants, and are procured by distillation 
along with water. They are called essences , and contain the concen- 
trated odour of the plant. They usually exist ready-formed, but 
occasionally they are formed by a kind of fermentation, as oil of bitter 
almonds, and oil of mustard. Some of them consist of carbon and 
hydrogen only, as oil of turpentine, procured from various species of 
Pinus and Abies; oil of juniper, from Juniperus communis; oil of 
Savin, from Juniperus Sabina ; oil of lemons and oranges, from the 
rind of the fruit; and oil of neroli, from orange flowers. A second 
selies contain oxygen in addition, as oil of cinnamon, from Cinnamo- 
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mum zeylanicum; otto or attar of roses, from various species of 
Rose, especially Rosa ccntifolia ; oil of peppermint, from Mentha 
viridis ; oil of caraway, from Carum Carui ; oil of cloves, from Caryo- 
phyllus aromaticus. Oils of this kind are procured from many Labiatae, 
as species of Lavandula, Origanum, Rosmarinus, Thymus ; and from 
the fruit of Umbelliferso, as species of Anethum, Foeniculum, Corian- 
drum, 4 Cuminum, Petroselinum, Pimpinella; and from some Com- 
posite, as species of Anthemis, Pyrethrum, and Artemisia. A third 
series have also sulphur in their composition, and have a peculiar 
pungent, often alliaceous smell, with an acrid burning taste, as oil of 
garlic, and of onion, procured from the bulbs of Allium sativum and 
Cepa ; oil of assafcetida, from Narthex Assafoctida ; and oil of Mustard, 
which is obtained from the seeds of Sinapis nigra, by a kind of fer- 
mentation induced by the action of a nitrogenous body, myrosine, on 
a substance called myronic acid, or myronate of potash, when macer- 
ated in water. A similar oil exists in many Cruciform, as in Erysi- 
mum Alliaria, Armoracia rusticana, and Cochlearia officinalis, and in 
several Umbellifene, yielding gum-resin, as Opoponax, Ferula, Gal- 
banum, &c. Many of the essential oils deposit a solid crystalline 
matter, called Stearoptene, allied to camphor. This latter substance, 
which consists of carbon, oxygen, and hydrogen, is procured from 
('amphora oflicinarum, a native of Japan and India. There is also 
another kind of camphor, produced in Borneo, by Dryobalanops 
Camphora. 

318, it<;si»ioii« Products. — The milky and coloured juices of plants 
contain frequently icsins mixed with volatile oils, in the form of 
balsams, besides a quantity of caoutchouc. The resinous substances 
found in plants, are either fluid or solid. The former may be illus- 
trated by Balsam of Tolu, procured from Myrospermum toluiferum ; 
Balsam of Peru, from Myrospermum peruiferum ; Balsam of Copaiva, 
from various species of Copaifera, especially Copaifera officinalis ; 
Carpathian Balsam, from Pmus Pinea; Strasburg turpentine, from 
Abies pectinata, or silver hr ; Bourdeaux turpentine, from Pinus pin- 
aster; Canada Balsam, from Abies balsamea, or Balm of Gilead fir; 
Chian turpentine, from Pistacia Terebinthus, &c. The latter may be 
illustrated by common re§in or Colophony, and Burgundy pitch, from 
Pinus sylvestris ; Mastich, from Pistacia Lentiscus ; Sandarach, from 
Callitris quadrivalvis ; Elemi, from several species of Amyris ; Guaiac, 
from Guaiacum officinale; Dragon’s-blood, from Dracaena Draco, and 
Calamus Draco; Dammar, from Dammara australis and orientalis; 
Labdanum, from Cistus creticus, and others ; Tacamahaca, from Calo- 
phyllum Cadaba, and from Elaphrium tomentosum ; Resin of Jalap, 
from Exogonium Purga; Storax, from Sty rax officinale; Benzoin, 
fr«m Styrax Benzoin ; Copal, from Yateria indica, &c. ; Lac, from 
various species of Ficus, as Ficus indica, or benghalensis, after 
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attacks of Cocci, and from Aleurites laccilera, and Erytlirina monos- 
perma ; Euphorbium, from Euphorbia officinarum, antiquorum, and 
canariensis. 

319. Caoutchouc is in some respects analogous to essential oils. It 
is found associated with them and resinous matters, in the milky juice 
of plants. It is procured from various species of Ficus, as Ficus 
elastica, Radula, clliptica, and prinoidcs, from Urceola elastica, Si- 
phonia elastica, and Vahea gummifera, by wounding the plants. A 
kind of caoutchouc, called gutta percha, imported from Singapore and 
Borneo, is procured from lsonandra Gutta, one of the Sapotaceae. 
The milky juice of many plants, as of Euphorbiaccae, Asclepiadaceae, 
Apocynaceee, Artocarpaceie, and Papayaccm, contain .caoutchouc or 
gum elastic. Some of these coloured juices are bland, as that pro- 
duced by the Cow-tree (Galactodendron utile) ; others are narcotic, 
as those of Poppy and Chelidonium ; others are purgative, as Gam- 
boge ; others diuretic, as Taraxacum. 

320. Organic Acids are produced by processes going on in living 
plants, and exist in vegetable juices combined often with peculiar 
bases and alkaloids. Thus Citric acid occurs in the fruit of the orange, 
lemon, lime, red currant, &c. ; Tartaric acid, in the juice of the grape, 
and in combination with potash in tamarinds; Malic acid, in the fruit 
of the apple, gooseberry, mountain ash ; Tannic acid or Tannine, in 
oak bark and nut-galls ; Gallic acid, in the seeds of Mango ; Mecoino 
acid, in the juice of Papaver somniferum ; Kinic acid, in the bark of 
various species of Cinchona. Besides these, there are numerous others, 
which are characteristic of certain species or genera. To these may 
be added Hydrocyanic acid, as found in Prunus Laurocerasus, &c., 
and Oxalic acid, which exists in combination with potash in Kumex 
acetosa, and Acetosclla, Qxyria reniformis, Oxalis Acetosella, and in 
combination with lime in Rhubarb, and many species of Parmeha and 
Variolaria. 

521. Alkaloids or Organic banes are azotiscd compounds found in 
living plants, and generally containing their active principles. They 
occur usually in combination with organic acids. Quinine and Cincho- 
nine exist in the bark of Cinchona, the former predominating in yellow 
bark, the latter in pale bark ; Morphine, Narcotine, Codeine, Thebaine, 
and Narceine, occur in the juice of Papaver somniferum ; Solanine is 
an alkaloid found in many species of Solatium, as Solan um tuberosum, 
nigrum, and Dulcamara; Veratrine exists in Veratrum Sabadilla and 
album; Aconitine in Aconitum Napellus; Strychnine in Strychnos 
Nux-vomica, Sancti Ignatii, Colubrina and Tieut6 ; Brucine also in 
Nux-vomica, or False Angustura bark; Atropine in Atropa Bella- 
donna; Bebeerine in Neetandra Rodiei; Piperine in Piper longum 
and nigrum; Emetine in Cephaelis Ipecacuanha; Caffeine (Th^ne 
and Guaranine) in Coffea arabica, Thea Bohea and viridis, Paullinia 
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sorbilis, and Ilex paraguay ensis ; Theobromine in the seeds of Theo- 
broma Cacao or chocolate ; besides numerous others of less impor- 
tance. These Alkaloids are often found in plants having poisonous 
properties. 

322. Colouring matters are furnished by many plants, either directly 
or by a process of fermentation. I ellow colouring matters are pro- 
cured from the roots of Curcuma longa or Turmeric, from the pulp 
surrounding the seeds of Bixa orellana (arnotto), from the stem of the 
Gamboge plant (Hebradendron Cambogioides), and various species of 
Garcinia, as Garcinia Cainbogia and elliptica, from the flowers of Cartha- 
nms tinetcrius (safflower), from the stigmata of Crocus sativus (saffron), 
from a kind of Mulberry (Morns tinctoria), from Reseda Luteola (weld), 
and from some Lichens, as Parmelia parictina (parietin or chryso- 
phanic acid), lied colouring matters are produced from the root of 
Ancliusa tinctoria (alkanot), from Pterocarpus santalinus, Dracaena 
Draco (Dragon’s-blood), the root of Rubia tinctorum or madder (aliza- 
rine), the root of Morinda ci trifolia (^ooranjee), Hjcmatoxylon campe- 
cliianum (logwood), Caisalpinia braziliana (Brazil wood), from Cam- 
wood, also from Carthamus tinctorius (Carthamine), and from some 
Lichens, as Roccella tinctoria (Archil and Litmus). Blue colouring 
matters are furnished by the flowers and fruits of many plants, and 
from the leaves of sonic, by chemical action. Indigo , a most valuable 
dye, is procured by fermentation from various species of Indigofera, 
as Indigofera tinctoria, Anil, cccrulea and argentea, as well as from 
Wrightia tinctoria, Marsdenia tinctoria, Nerium tinctorium, and Gym- 
netna tingens, &c. The plants in full flower are cut and put into 
vats with water, fermentation takes place, and a peculiar substance is 
formed, which, by absorption of oxygen, becomes blue. The best and 
the largest quantity of Indigo is produced in the Delta of the Ganges. 
Several Lichens yield nitrogenous colouring matters, which give blue 
and purple colours with alkalies, etc. Lecanora tartarea yields Cud- 
bear (Gyrophoric acid). 


SECTION III. — ORGANS OF R E F R 0 D U C T I ON. 

Structure, Arrangement, and Functions. 

323. The reproductive organs consist of the flow’er and its appen- 
dages, the essential parts being the stamens and pistil. When the 
flower, or at least the essential organs, are conspicuous, the plants are 
called Phanerogamous (QxveQog, conspicuous, and ydpog, union or mar- 
riage), or Flowering plants ; wfflen they are inconspicuous, the plants 
are Cryptogamous (x^irroV, concealed, and yoipog, union or marriage), 
or Flowerless plants. The former include Exogens and Endogens, 
the latter Acrogens and Cellular plants. On careful examination it 
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will be found that the organs of reproduction and nutrition are modi- 
fications of each other. The parts of the flower, as regards their 
development, structure, and arrangement, may all be referred to the 
leaf as a type. They commence like leaves in cellular projections, in 
which fibro- vascular tissue is ultimately formed ; they are arranged in 
a more or less spiral manner, and they are often partially or entirely 
converted into leaves. 


1. — Inflorescence, or tite Arrangement of the Flowers on the Axis. 


V*'\r\ 

WV)., 


324. The arrangement of the flowers on the axis, or the ramification 
of the floral axis, is called Inflorescence or Anthotaxis (xvdog, a flower, 
and r order). Flower-buds, like leaf-buds, are produced in the 
axil of leaves, which are called floral leaves or bracts. A flower-bud 
has not in ordinary circumstances any power of extension by the de- 
velopment of its central cellular portion. 
In this respect it differs from a leaf- 
bud. In some cases, however, of 
monstrosity, especially seen in the Eose 
(fig. 226) and Geum, the central part, 
A, is prolonged, and bears leaves 
or flowers. In such cases the flowers 
are usually abortive, the essential or- 
gans being so altered as to unfit them 
for their functions. Such metamor- 
phoses confirm Goethe's doctrine, that 
all the parts of the flower are altered 
leaves. 

325. The general axis of inflor- 
escence, is sometimes called rachis 
(paws* the spine); the stalk support- 
ing a flower, or a cluster of flowers, 
is a peduncle ( pes, a foot) (fig. 231 a ') ; 
and if small branches are given off by 
it, they are called pedicels (fig. 231 
a"). A flower having a stalk is called 
pedunculate or pedicellate (fig. 231 ) ; 
one having no stalk is sessile (fig. 237). 
In describing a branching inflores- 
cence, it is common to speak of the 
Enchis as the primary floral axis, its branches as the secondary floral 
axes, their divisions as the tertiary floral axes, and so on ; thus avoid- 



Fig. Proliferous or monstrous Rose, showing the prolongation of the axte beyond the 
flowers, €, Calyx transformed into leaves Petals multiplied at the expense of the stamens, 
wbftfe&re reduced In number. /, Coloured leaves representing abortive carpels, a, Axis pro- 
longed, bearing an imperfect flower at its apex. 
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any confusion that might arise from the use of the terms rachis , 


peduncle , and pedicel. 

320. The Peduncle as- 
sumes various forms. It 
js cylindrical, compressed, 
and grooved ; simple, bear- 
ing a single flower, as in 


M 


Primrose ; and branched, 

jl !■ \ 

as in London-pride. It is 

H ‘‘ / ! V % r 

sometimes large and suc- 

!ii \ p}‘4 

culent, as in the Cashew 

l! 'm 

(fig. 227 />), in which the 


peduncle forms the large 


coloured expansion sup- 

227 




porting the nut; spiral, as in Cyclamen and Vallisnei ia (fier. 22ft); 


spiny, as in Alyssum spinosum. Sometimes the 
floral axis is shortened, assuming a flattened, 
convex, or concave form, and bearing numerous 
flowers, as in the Artichoke, Daisy, and Fig. In 
these cases it is called a Receptacle or Fhoran- 
thium (<£oot6 j, I bear, and eL»6ou flower), or 
Clinanthium {k^Ivyu a bed, and uvtio;, flower). 

327. The Floral axis sometimes assumes a 
leaf-like or plujlloid (<pvKhov> a leaf, and bSo?, 
form) appearance, bearing numerous flowers at 
its» margin, as in Xylophylla longifolia (fig. 229), 
and in Kuscus ; or it appears as if formed by 
several peduncles united together so as to be- 
come a fasciated axis, as in the Cockscomb (fig. 
230), in which the flowers form a peculiar crest 
at the apex of the flattened peduncles. Adhesions 
take place between the peduncle and the bracts 
or leaves of the plant, as in the Lime tree, Ilel- 
wingia, Chaillelia, several species of Hibiscus, 
and in Zostera. The adhesion of the peduncles 
to the stem accounts for the extra- axillary posi- 
tion of flowers, as in many Solan ace ce ; when 
this union extends for a considerable length 
along the stem, several leaves may be interposed 
between the part where the peduncle becomes 
free, and the leaf whence it originated, and it 
may be difficult to trace the connection. 
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Fig. 227.— Fruit of Cashew ( Anacardium occidentals) p , En’arAod peduncle. o, Fruit oi nut 

Fig 228 — Thstilldcroua plant ot Vallisneria spiralis, showing ‘spiral peduncles or flower-stalks, 
h}' the uncoiling ot which the flowers leacli the surface ot the water, previous to fcitilizntion. 

Fig. 229 — I,eaf-hke ( phydoui ) flattened peduncle, r, ot Aylophylla Jongifolia f f f, Clusters 
oj flowers developed in u centrifugal or rvinose manner. 

b 2 
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328. The peduncle occasionally becomes abortive, and in place of 
bearing a flower, is transformed into a tendril (^f 201) ; at other times 

it is hollowed at the apex, so as appa- 
rently to form the lower part of the 
outer floral envelope, as in Eschscholtzia. 

329. The termination of the peduncle, 
or the part on which the whorls of the 
flowers are arranged, is called the Tha- 
lamus or Tows. It is the termination 
of the floral axis. The term receptacle 
is also sometimes applied to this, whether 
expanded so as to bear several flowers, 
or narrowed so as to bear one. It may 
be considered as the growing point of the 
axis, which usually is arrested by the 
production of the flowers, but which 
sometimes becomes enlarged and expanded. Thus, in the Geranium, 
it is prolonged beyond the flower in the form of a beak ; in the Arum, 
it is a club-shaped fleshy column (fig. 239, 2, a) ; in the Strawberry, 
it becomes succulent and enlarged, bearing the seed-vessels ; while in 
Nelumbium it envelops them in the form of a truncated tabular expan- 
sion. In some cases it bears the seeds. In some monstrous flowers, as 
in Rose and Geum, it is prolonged as a branch bearing leaves (fig. 226). 

330. There are two kinds of inflorescence — one in which flowers are 
produced in the axil of leaves, while the axis continues to be elongated 
beyond them, and to bear other leaves and flowers ; the other in which 
the axis ends in a single terminal flower. In the former, the flowers 
are axillary, the axis extends in an indefinite manner, and the flowers, 
as they successively expand, spring from floral leaves placed higher on 
the axis than the leaf from which the first flower was developed. 
In the latter, the single solitary flower terminates and defines the axis, 
and the flowers developed subsequently, aiise from floral leaves below 
this central flower, and therefore farther removed from the centre. 

331. The first is Indeterminate , Indefinite , or Axillary inflorescence, 
in which the axis is either elongated, continuing to produce flower- 
buds as it grows, the lowermost expanding first ; or it is flattened and 
depressed, and the outermost flowers expand first. The expansion 
of the flowers is thus centripetal , that is, from base to apex, or from 
circumference to centre. When this kind of inflorescence produces 
many flowers, it is simple , and proceeds from the development of the 
flower-buds of a single branch. This kind of inflorescence is shown 
in fig. 231, where the leaf from which the cluster of flowers is pro- 
duced, fi represents the bract or floral leaf. The rachis , or primary 
aflU of the flower, is a ' ; this produces small leaflets, b y which bear 

IMfc. 230.— Upper part of flattened or fasciatcd flowering stem of Celosia cristata ( Cockscomb), 
foiling the form of a crest, covered with pointed bracts, and supporting flowers on its summit. 
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smaller flower-leaves or bractlets, from which peduncles^ or secondary 
axes spring, bearing each single flowers. The whole inflorescence is 
the product of one branch, the lower flowers 
having expanded first, and bearing fruit, 
while the upper are in bud, and the middle 
are in full bloom. In fig. 232, the same 
kind of inflorescence is shown on a shortened 
axis, the outer flowers expanding first, and 
those in the centre last. 




332. The second is Determinate , Definite , or Terminal inflorescence, 
in which the axis is either elongated and ends in a solitary flower, 
which thus terminates the axis, and if other flowers are produced, they 
are secondary, and farther from the centre ; or the axis is shortened, 
and produces at once a number of flower-buds, but of these the central 
flower expands first, being in fact the termination of the axis, while 
the other flowers are developed in succession farther from the centre. 
The expansion of the flowers is in thia case centrifugal , that is, from 
apex to base, or from centre to circumference. When this inflorescence 
produces many flowers, it is comjyoundj and proceeds from the develop- 
ment of the buds of several branches. It is illustrated in fig. 233, 
where a representation is given of a plant of Ranunculus bulbosus ; a r 
is the primary axis swollen at the base in a bulb-like manner, 5, and 
with roots proceeding from it. From the leaves which are radical 
proceeds the axis ending in a solitary terminal flower,/'. About the 
middle of this axis there is a leaf or bract from which a secondary 
floral axis, rt", is produced, ending in a single flower, /", less advanced 
than the flower,/'. This secondary axis bears a leaf also from which 
a tertiary floral axis is produced, a'", bearing an unexpanded solitary 
flower,/*'". From this tertiary axis a fourth is in progress of forma- 


Fig 231. — Raceme of Barberry (Herberts vulgaris ), produced In the axil of a leaf or bract, f, 
which has been tianslormed into a spine, with two stipules, $, at its base, a ', Primary fioral axis, 
bearing small alternate bracts, b, in the axil of which the secondary axes, a" a", are produced, 
each terminated by a flower The expansion of the flowers is centnpetal, oi lioin base to apex; 
the lower flowers have passed into the state of fruit, the middle are tully expanded, and those at 
the top are still in bud. Indetei annate simple inflorescence. 

Fig 232.— Head of flowers or glomerulus of Scabiosa atro-purpurea. The inflorescence ta 
simple and indeterminate, and the expansion of the flowers centripetal, those at the circumference 
opening first. 
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tion. Here f is the real termination of the axis, and this flower then 
expands first, the other flowers being developed centrifugally on sepa- 
rate axes. It is a compound inflorescence. 

333. Indefinite inflorescence. — The simplest form of this inflores- 
cence is when single flowers are produced in the axils of the ordinary 
leaves of the plant, the axis of the plant elongating beyond them, as 
in Veronica hedcrifolia, Vinca minor, and Lysimachia nemorum. The 
ordinary leaves in this case become floral leaves, by producing flower- 
buds in place of leaf-buds. In place of solitary flowers there is often 
an elongated floral axis or peduncle arising from a more or less altered 
leaf or bract, and bearing numerous leaflets, called bracteoles or bract- 
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lets, from which smaller peduncles are produced, and those in their 
turn may be branched in a similar way. According to the nature of 
the subdivision, and the origin and length of the flower-stalks, there 


Fig. 233 1 laiit of Ranunculus bulbosus, showing determinate compound mflo^fecence. a' 

f™; 1 ’ “V s <>»*•. «" a -a, bull., 6, whSiceth o i^TXathtii 

lea\ e$ proceed. / , Solitary flow er, teimmatmg the primary axis About tlie middle of the axis 
developed winch giu*s on gin tou soconduiy axis, a", ending in a solitary flower f" 
which is not so advanced as/ On tlie secondary axn a leaf is formed, from the axil of which a 
tertiary axis, a- proceeds, ending m a flower, which is still in bud. Ou this axis So he? 
floral leaf and bud is m the progress ot formation auomer 

Mg. 234.— Panicle or branching raceme of Yucca ghniosa o', Primary axis or raehls, o" 
Secondary axes or smaller peduncles, o'", Tertiary av* or pcducts beafin E flow™ 6 hi 
Bracts and brnctlets, m the axil of which the axes are produced. The inflorescence™ indctcr- 
n.uiate, and consists of a series ot racemes on a common axis, o'. The expansion of the whole 
Inflorescence is centripetal, and such is also tlie case with each of the racemes formlnir It the 
flowers A££he base of the axes opening first. 
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arise numerous varieties of floral arrangements. When the primary 
peduncle or floral axis, as in fig. 231 a, is elongated, and gives olF 
pedicels, a", of nearly equal length ending in single flowers, a raceme 
or cluster is produced, as in Currant, Hyacinth, and Barberry. If the 
secondary floral axis gives rise to tertiary ones, the raceme is branching, 
and forms a panicle. In fig. 234 is represented a panicle of Yucca 
gloriosa, a' being the primary axis or rachis with bracts, giving off 
numerous secondary axes, a", which in their turn develop tertiary 
axes, a!'\ the development in each of the secondary axes being cen- 
tripetal, and b I b b being the bracts from which the separate axes are 
produced. If the peduncles in the middle of a dense panicle are 
longer than those at the extremities, a thyrsus is produced, as in Lilac. 
If in a raceme the lower flower-stalks are elongated, and come to 
nearly a level with the upper, a corymb is formed, which may be 




simple, as in fig. 235, where tne primary axis, a\ divides into secondary 
axes, (i a", which end in single flowers; or compound , as in fig. 230, 
where the secondary axes again subdivide. 

334. If the peduncles or secondary axes are very short or awant- 
ing, so that the flowers are sessile, a spike is produced, as in Plantago 
and Verbena officinalis (fig. 237). The spike sometimes bears uni- 
sexual fijWrs, usually staniiniferous, the whole falling offi by an articu- 
lation, as in Willow or Hazel (fig. 238),*and then it is called an 
amentum or catkin; at other times it becomes succulent, bearing 

'Fig. 235. — Corymb of Cerasus Maluileb, produced in tlie axil of a, leaf which has fallen, and 
terminating an abortive branch, at the base of winch are modified leaves in the foi-xn of scales, e 
a'. Pi unary axis, 01 peduncle, or raelus, producing alternate biacts, b b fiom the axil of which 
secondary axes or pedicels, a" a", arise, each bearing a single flower. The evolution or expan- 
sion of the flowers is eenti ipetal 

Fig. ^36.— Compound 01 branching corymb of Pyrus torminahs Primary axis a" n'\ 
Secondary axes a"' a"\ Tertiary axes or pedicels bearing the flowers directly, b b b % Bracts. 
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numerous flowers surrounded by a sheathing bract or spatha, and then 
it constitutes a spadix , which may be simple, as in Arum inaculatum 
(fig. 239), or branching, as in Palms. A spike bearing female flowers 
only, and covered with scales, is either a strubilus , as in the Hop ; or 
a cone, as in the Fir (fig. 201). In grasses, there are usually numerous 
sessile flowers arranged in small spikes, called Locustce or spikelets , and 
these clusters are either set closely along a central axis or rachis, or 
they are produced on a branched panicle. 

335. If the primary axis, in place of being elongated, is depressed 
or flattened, it gives rise to other forms of indefinite inflorescence. 




When the axis is so shortened that the secondary axes or peduncles 
arise from a common point, and spread out like radii of nearly equal 
length, each ending in a single flower, or dividing again in a similar 


Fig. 237.— Spike of Verbena officinalis, showing sessile flowers on a common rafchls; them- 
floreseence indeterminate, and the evolution ot the flower centripetal. The flowers at the lower 
part of the spike lime pussed into fruit, those towards the middle are in full bloom, and those at 
the top are only in bud. 

Fig. 23H.— Amentum or catkin of Hazel ( Corylut Avellarm), consisting of an axis or rachis 
covered with bracts in the form of scales (squama), each of which covers a mule flower, the sta- 
mens of which are seen projecting beyond the scale. The catkin falls off in a mass, separating 
from the branch by un articulation. 

Fig. 239.— Spadix or succulent spike of Arum maeulatum. 1, Exhibits the sagittate leaf, the 
spatha or sheathing bract, A, rolled round the spadix, the apex of which, a , is seen projecting. 
2, Shows the spatha, b , cut longitudinally, so as to display the spadix, a. f, Female flowers at 
the base, m, Male flowers. On the spadix there are numerous abortive flowers indicated by 
hair-like projections. 
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radiating manner, an Umbel is produced, as in figs. 240 and 241. In 
fig. 240 the floral axes, a\ a', a', end in simple umbels, o', o', o', and 
the ifmbels are called stipitate or stalked; 
while in fig. 241 the primary floral axis, . „ % 


o', is very short, and the secondary axes, 
a\ a , come off from it in a radiating or 
umbrella-like manner, and end in small 
umbels, o', which are called partial umbels 
or umbellules , to distinguish them from 
the general umbel arising from the pri- 
mary axis. This inflorescence is seen in 
Hemlock, and other allied plants, which 
are hence called Umbelliferous. 
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336. If there are numerous flowers on a flattened convex or slightly 
concave receptacle, having either very short pedicels or none, a capi- 
tulum (a head) or anlhodium (ccvdog, a flower, o'oof, a way or method), 
or calathium a small cup), is formed, as in Dandelion, 


Fig. 240 —Several umbels, o' o' o' o\ of A r, ilia lacemosa. a, General axis or the nncx of the 
brandUennhiated by a single umbel fmtha advanced than ’the rest a' a' £ a\ a3?s ariafng 
as revarS'o y a f s , lc, ' ?1>li(;t3 tlu - general axis, a; each of them bears an umbel, and 

3 m ard this mhorc^enee they aic pnmary. a" a" a'\ Secondary axes, or the radii of the 
from Jim tv.w tracts placed Qltt ‘ i nato h *7* the general axis d, Shows a double bud proceeding 
S ill n6 f° these biarts, and thus giving to A-d 01 stipitate umbels. . it, 

Verticdlate bracts, forming imolueies at the base ot im i.u.u rhe ^ 

1 * Compoun d tunbol ol Canot (Daucus Varota). a\ Pmiarv axis slioi*tened and de- 
to a surface, a" a", Secondary axes or radii of the general umbel, 

each ending in a partial umbel or urabellule, o" o" o" o". a"' a'". Tertiary axes or radii of tho 
partial umbels or umbellules Pinnatipartite bracts, forming the general involucre, t" t", 
Simple bracts, forming the partial involucre or involucel 
rig. 242.— Capitulum. Anthodmm, or Head of bowers of Scorzonera hlspanica. b, Imbricated 
evolution! 111 ” 1 ^ UU mvoiucre * /» Florets or small flow er* on the receptacle, having a centripetal 



168 


DEFINITE INFLORESCENCE. 


Daisy, and oilier composite plants (figs. 242 and 243); or a 
glomerulus* (a ball), as in Scabiosa (fig. 232), and in Dipsacus 
(tig. 244). Sucli a receptacle or flattened peduncle may some- 
, ^ „ times be folded so as to enclose partially or 

d completely a number of flowers (generally 

unisexual), giving rise to the peculiar in- 
florescence of Dorstenia (fig. 245), or to 
that of the Fig (fig. 246), where f indicates 
the flowers placed on the inner surface of 
the receptacle, and provided with bracteoles. 
This inflorescence has been called llypan - 
ihodann (t/W, under, and oLvGoe, a flower). 

337. On reviewing these different kinds 
of inflorescence, it will be observed that the 
elongation or shortening of the axis, and the 
presence or absence of stalks to the flowers, 
determine the different varieties. Thus, a spike is a raceme in which 
the flowers arc not stalked, the umbel a raceme in whichTthe primary 
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axis is shortened, the capitulum or head a spike in which the same 
shortening has taken place. 

33b. Definite luflorcsceuec. — The simplest form of this inflorescence 

* By some tliis torn is applied to the centrifugal inflorescence of certain Uvticaceae, Chcnopf- 
diaceas, and Juncuceie 

Fig 243 —The same Capitulum cut vertically, r, The Receptacle, Phoranthium, or the flat- 
tened and depressed apex ot the pedum lc, hcarr ■ ;i ■ f. . , 4 ' which ait* sun uunded by biacts, b. 

Fig 244— Inflorescence of 1>:’ ■< i >-> u . < 'ti . ■ or head of flow eis, each of which 

is sepal atod by lohg pointed l-s.i- : . i 1 ■ i ■ i <■ < i in a centnpctul manner. <?i, 7 ho 

first expanded, followed by those at e in , wdnle those uf the npex, ps, are m hurt. 

Hg. 24 a.— Inflorescence of Dorstenia C.Mtra« cr..i, m. * •!. . of aluoacl slightly concave rc- 
i f tide, r, or which r.iime r on«s and «, ,h,l1i- ;■ ,»< ■ - t i placed. 

I ... /k. - l*. 1 ''■■■< :i. e m I !.'./» '.v s'.-n — V'r hollow lcccptuclc, r, or peduncle, 

w jn.li lo.uis the J.u.t v ouied w.ili i. „ a c: m '* a. ■«' 
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is seen in Anemone nemorosa (fig. 247), or in Gentiana acaulis (Gen- 
lianella), where the axis terminates in a single flower ; and if other 
flowers are produced, they arise from the leaves below the first-formed 
flower. When numerous flowers are produced, and the axes are much 
shortened, it is sometimes difficult to understand this mode of in- 



florescence. It may be distinctly traced, however, in plants with 
opposite leaves, in which the different axes are clearly developed. In 
fig. 248 is represented the flowering branch of Erythraca Centaurium. 
Here the primary axis, a\ ends in a flower, /', which lias passed 

Fig. 247.— Anemone nemorosa a. Subterranean stem, f Leal d t Floral axis producing bract* 
6, which form a three-leaved involucre, e, Solitary flower terminating the axis. Inflorescence 
determinate. 
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into the state of fruit. At its base two leaves are produced, each 
of which is capable of developing buds. In the Gentiana acaulis 

these leaves rarely produce buds, 
but in the present plant they gen- . 
erally do. The buds so produced 
are flower- buds, and constitute secon- 
dary axes, a" a", ending in single 
flowers,/"/", which thus are terminal 
and solitary ; and at the base of these 
axes a pair of opposite leaves is pro- 
duced, giving rise to tertiary axes, 
d" a'" a'", ending in single flowers, 
/"' /"/'", and so on. The divisions 
in this case always take place by two, 
or in a dichotomous (lix*, in two ways, 
and Ttfitvco, 1 cut) manner. Had there 
been a whorl of three leaves in place 
of two, the division would have been 
by three, or trichotomous (r^ce, in 
three ways). 

339. When the leaves become very small, and are transformed into 
true bracts, this whole system forms a single inflorescence, and has 
received the name of cyme. As the definite inflorescence occurs in a 
marked degree in the cyme, it has hence been called cymose; and 
the cyme itself, according to its divisions, has been characterized as 
dichotomous or trichotomous. In figs. 249 and 250, the -cyme is re- 
presented in two species of Cerastium, belonging to the natural order 
Oaryophyllacesc, in which cymose inflorescence is of general occur- 
rence. The leaves in the figures are small bracts giving origin to 
flower-buds in the same way as in fig. 248 ; the flowers at a' a 1 being 
the termination of the primary axis and expanding first, the others 
being subsequently developed in a centrifugal order. In some of 
the Pink tribe, as Dianthus barbatus, Carthusianorum, &c , in which 
the peduncles are short, and the flowers closely approximated, with a 
centrifugal expansion, the inflorescence has received the name of fascicle. 
A similar inflorescence is seen in such plants as Xylophylla longifolia 
(fig. 229), When the axes become very much shortened, the arrange- 
ment is more complicated in appearance, and the nature of the inflores- 
cence is indicated by the order of opening of the flowers. In Labiatoe, 
as in the Dead nettle (Lamium), the flowers are produced at the axil 


F1£ 248.— Flowering branch of Erythrsea Contain ium. a\ Primary axis, a " a". Two secon- 
dary axes, a"' o'" a"\ Tertiary axes, four in number, a"" a''" Quaternary axes, eight in 
number. /, The flower in various stapes of development. f\ Solitary flower which has passed 
into fruit, terminating the primary axis Floweis less advanced, tei minuting the secondary 

axes. Flowers in bud at the extremity of the tertiaiy axes, and so on. Infloi escencc deflniU 
or determinate. Evolution of flowers centrifugal 



definite intlobescence. 


171 


of each of the leaves, and might be looked upon as ordinary whorls, 
but on examination it is found that the central flower expands first, 
and that the expansion is thus centrifugal. The inflorescence is there- 




fore truly cymose, the flowers being sessile, or nearly so, and the clusters 


are called vei ticilla$ters{verlicillus,&\dn & of screw). 

340. Sometimes the bract on one side of a 
dichotomous cyme, especially towards the summit 
of the inflorescence, does not give origin to buds, 
us seen in the upper flower of fig. 250. When a 
single bract only is produced, in place of two, 
there is often an anomalous cymose inflorescence 
produced, resembling a raceme. Thus, in Als- 
tromeria, as represented at fig. 251, the axis, a', 
ends in a flower, which lias been cut off, and a 
leaf. From the axil of this leaf, that is, between 
it and the primary axis, a\ a secondary axis, a", 
is formed, ending in a flower /", and producing a 
leaf about the middle. From the axil of this leaf, 
a tertiary floral axis, a ending in a flower, /'", 



Fig if&u.— inflorescence Ot Ccrastium tetrandrum. Letters liuve the same meaning us in tho 
last two figures. In the quateinarj axes, a the infioiescenee becomes lateiul by the non- 
development of the flower-buds on one bide. 

Fig. 261.— False raceme of a species of Alstromeria. a' a" a"' a Separate axes successively 
developed, which appear to form a simple continuous raceme, of which the axes form the mtcr- 
nodes. It is a compound d p t^rmln'it« ir.fl iresc«‘«f*c. however, with centrifugal evolution. Each 
of the axes is produced in t..e a.\iJ oi a icui, an j is teiuiiuuted by a flower,/'/"/'"/""* opposite 
to that leaf: 
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is developed, and so on. Sometimes the bract on the opposite side 


shows itself, as at a. This inflorescence, 
therefore, although it appears simple and 
racemose, is truly compound and cymose, 
consisting of a series of separate axes, with 
a centrifugal expansion. The flowering 
branch often exhibits, in such cases, a series 
of curvations. In certain orders of plants, 
especially Boraginacesc, the bracts being 
alternate, give rise to an inflorescence of 



this kind. Thus, in fig. 252, 
a is a primary axis, ending in e 
a flower, producing another, 

6, and that, a third, c, a 
fourth, d ) &c , all on the 
same side. In such a case 
there is usually aremarkable 



curvature resembling the 


tail of a scorpion, and the cyme is called scorpioidal or helicoidal (&/£ 
a spiral, and tifog, form) or gyrate* It is seen in the forget-me-not 
(fig. 253). 

341. Instances of both kinds of floral expansion occur occasionally 
on the same plant. Thus, iu Compositse, the heads of flowers taken 
as a whole, are developed centrifugally, tire terminal head first ; while 
th ejlorete, or small flowers on the receptacle, open centripetally, those 
at the circumference first. So also in Labiatm, the different whorls of 
inflorescence are developed centripetally, while the florets of the verti- 
cillaster are centrifugal. Sometimes this mixed character presents 
difficulties in cases such as Labiatge, where the leaves, in place of 
retaining their ordinary form, become bracts, and thus might lead to 
the supposition of all being a single inflorescence. In such oases, the 
cymes are described as spiked, racemose, or panicled, according to 
circumstances. Fig. 254 represents a panicled cyme of Privet, in 
which the primary axis, a\ gives off secondary axes, a" a", whence arise 
tertiary, a!" a!", ending dichotomously, and producing three-flowered 
cymes, c c, in which the central flower expands first. Fig. 255 is a 
racemose cyme of Campanula, developed in a very irregular manner, 
and giving rise to a peculiar mixed inflorescence ; a ' cl is the primary 
axis, ending in a flower,/', which has withered, and giving off secon- 
dary axes, a" ft", each terminated by a flower, and developed centripetally, 
the lowest being most expanded. These are anomalous cases, and not 


* Schleiden says that this inflorescence is simply a unilateral raceme, having centripetal ex- 
pansion. 

Fig. 262.— Figure to show the formation of a Bcorpioidal or helicoid cyme, consisting of soparate 
axes, ab cde. 

Fig. 253 — Scorpioidal, gyrate, or helicoid cjme of Forget-me-not (Myosotis pulustria). 
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easily explained. Such mixed inflorescences, partly definite and partly 
indefinite, are by no means uncommon. 




342. Sometimes flowers proceed from what are called radical leaves ; 
that is, from an axis which is so shortened as to bring the leaves close 
together in the form of a cluster. From such stems, floral axes are 
pushed upwards occasionally, bearing single flowers, or flowers in 
umbels and racemes, as in Primrose, Auricula, Hyacinth, &c. Jn 
these cases, the name o f scape is applied to the flowering stem. 


343.— Tabular Arrangement of Iuflorf.scence or Antiiotaxjs. 

A. Flowers Sessile. 

I. Floral Axis elongated. 

1. Axis permanent. 

Spike (Planlago), Locu^ta or Spikelet (Folium), Spadix (Arum), Cone 
(Fir), Strobilus (Hop). 

Fig 254.— Cymosc panicle, or Panieled cyme of Piive 1 \I i ■»/ n ■ -i ? The primary n\i«, 

o', gives off secondary axes, a " a", which arc opposite to i «n nt! c\ .*m.I \ iodine tcrtiaiy axe*, 
a'" a"', winch are dichotomous, and consequently end in small three-flowei ed cymes, c c. Of the 
three flowers terminating these teitiuiy axes, the central one expands first, the evolution Of the 
others being centrifugal. 

Fig. 255.— Racemose cyme, or C) those raceme of Campanula a' a\ Primary axis, terminated 
by a flower, /', which has already withered, and is beginning to pass into the stato of fruit, u" 
a" n'\ Secondaiy axes, each terminated by flowers,/", which are moie advanced the lower they 
are in their position. 
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2. Axis deciduous. 

Catkin or Amentum (Willow), Compound Catkin (Male flowers of some 
Palms). 

II. Floral Axis shortened or depressed (a Receptacle). 

Capitulum, Antliodium or Calathium (Dandelion). 

B. Flowers Pedicellate. 

I. Floral Axis elongated. 

1. Peduncles simple. 

o. of equal or nearly equal length. 

Raceme (Currant, Hyacinth). 

b. lowermost longest. 

Centripetal expansion — Corymb (Ornithogalum). 

Centrifugal expansion — Fascicle (Pink), 

2. Peduncles branched. 

Panicle (Poa), Thyrsus (Lilac), Anthela (Luzula), Compound Raceme 
(Plane-tree), Compound Corymb (Milfoil). 

II. Floral Axis shortened or depressed. 

1. Expansion centripetal. 

a. Peduncles very short, Flowers forming a dose head. 

Glomerulus (Armcria, Scabious). 

b. Peduncles nearly equal, radiating from a common centre. 

Peduncles simple — Simple Umbel (Astranti.i, Ramsons). 

Peduncles branched — Compound Umbel (Hemlock). 

2. Expansion centrifugal. 

a. Peduncles simple — Vcrticillaster (Lamium). 

« b. Pedundes branched — Cyme (Kldcr). 

2. — Bracts or Floral Leaves. 

344. Flowers, witli the exception of the terminal flower, arise from 

the axil of leaves, called Bractece , bracts or jloral leaves . The term 
bract is properly applied to the leaf, from which the primary floral 
axis, whether simple or branched, arises, while the leaves which arise 
on the axis between the bract and the outer envelope of the flower 
are bracteoles or bractlets. The two are distinct, but are often used 
indiscriminately in ordinary descriptions. Bracts sometimes do not 
differ from the ordinary leaves, and are then called leafy , as in Ajuga. 
Like leaves, they are either entire or divided. In general, as regards 
their form and appearance, they differ from the ordinary leaves of the 
plants, this difference being greater in the upper than in the lower 
branches of an inflorescence. They are distinguished by their position 
at the base of the flower or flower-stalk. When the flower is sessile, 
the bracts are often applied closely to the calyx, and may thus be con- 
founded with it ; intermediate between the leaf and the petal, and at 
times partaking of the characters of each. Bracts appear in many 
instances to be intended by nature as protecting organs, within or 
beneath which the young flowers in their earliest stage of growth may 
be secured. ~ * 

345. When bracts become coloured, as in Amherstia nobilis, Eu- 

horbia splendens, and Salvia splendens, they may be mistaken for 
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parts of the corolla. They are sometimes mere scales or threads, and 
at other times they are abortive, and remain undeveloped, giving rise 
to the ebracteated inflorescence of Cruciferte and some Boraginace#. 
Sometimes flower-buds are not produced in their axil, and then they 
are empty . A series of empty coloured bracts terminates the inflores- 
cence in Salvia Horminum. The smaller bracts or bracteoles, which 
occur among the subdivisions of a branching inflorescence, often produce 
no flower-buds, and thus anomalies occur in the floral arrangements. 

34 G. Bracts are occasionally persistent, remaining long attached to 
the base of the peduncles, but more usually they are deciduous, falling 
off early by an articulation. In some instances they form part of the 
fruit, becoming incorporated with other 
organs. Thus, the cones of Firs (fig. 201) 
and the strobili of the Hop, are composed 
of a series of bracts arranged in a spiral h 
manner, and covering fertile flowers ; and 
the scales on the fruit of the Pine-apple 
(fig. 25G a), are of the same nature. In 
Amenta or catkins (fig. 238), the bracts 
are called squamce or scales. As regards 
their arrangement, they follow the same 
law as leaves ; being alternate, opposite, or 
vcrticillate. 

347. At the base of the general umbel 
in umbelliferous plants, a whorl of bracts 
often exists called a general involucre (fig. 

241 »'), aud at the base of the smaller umbels 
or umbellules, there is a similar leafy whorl 
called involucel or partial involucre (fig. 241 i"). 

In Composite, the name involucre is applied 
to the leaves, scales, or phyllaries surrounding the head of flowers 
(fig. 242 b), as in Dandelion, Daisy, and Artichoke. This involucre is 
often composed of several rows of leaflets, which are eit! er of tlie 
same or different forms and lengths, and often lie over each other in 
an imbricated manner. When the bracts are arranged in two rows, 
and the outer row is perceptibly smaller than the inner, the involucre 
is sometimes said to be caliculate , as in Senecio. The leaves of the 
involucre are spiny in Thistles and in Dipsacus (fig. 244 e i), and 
hooked in Burdock. Such whorled or vertieillate bracts may 
either remain separate ( polyphyllous ), or be united by adhesion 
( ; gamophyllous ), as in many species of Bupleurum, and in Lavatera. 
In the acorn they form the cupula or cup (fig. 257 c), and they also 

Fig. 2 r >&— Fruit of Pine-apple ( Ananassa tatirn), composed of numerous flowers united into one 
mass; the st ales, being modified bracts or floial leaves. The crown, b , consists of a prolonga- 
tion of the axis bearing leaves, which may be consideied as a series of etnpty biacts, *, e, bracts 
not producing flowers in their axiL 
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form the husky covering of the Hazel-nut* In the yew the bracts 
form a succulent covering of the seed. 

348. When bracts become united together, and 
overlie each other in several rows, it often happens 
that the outer ones do not produce flowers or 
become empty or sterile. In the artichoke, the 
outer imbricated scales or bracts are in this con- 
dition, and it is from the membranous white scales 
or bracts (palece ) forming the choke attached to the 
edible receptacle, that the flowers are produced. 
The sterile bracts of the Daisy occasionally produce 
capitula , and give rise to the Hen-and- Chicken 
257 Daisy. In place of developing flower-buds, bracts 

may, in certain circumstances, as in proliferous or viviparous flowers, 
produce leaf-buds. . 

349. A sheathing bract enclosing one or several flowers, is called a 

spatha or spathe. It is common among Endogcns, as Narcissus, Arum 
(fig. 239 b\ Palms. In some Palms it is 20 feet long and encloses 

200,000 flowers. It is often associated with the spadix, and may 

be coloured as in Calla or Richardia scthiopica When the spadix is 
compound or branching, as in Palms, there are smaller spathes sur- 
rounding separate parts of the inflorescence, to which the name spa- 
thellce has sometimes been given. The spathe protects the flowers in 
their young state, and often falls off after they are developed, or hangs 
down in a withered form, as in some Palms, Typha, and Pothos. In 
grasses, the outer scales have been considered as sterile bracts, and 
have received the name of glumes , and in Cyperacese bracts enclose the 
organs of reproduction. 

3. — The Flower and its Appendages. 

350. The Flower consists of whorled leaves placed on an axis, the 
internodes of which are not developed. This 
shortened axis is the Thalamus or torus. There 
are usually four of these whorls or verticils : — 
1. The outer one called the cah/x. 2. The 
corolla. 3. The stamens. 4. The most in- 
ternal one, the pistil. Each of these consist 
normally of several parts, which, like leaves, 
follow a law of alternation. Thus, the flower 
of Crassula rubens (fig. 258) presents a calyx, 
c c, composed of five equal pieces arranged 
in a whorl ; a corolla, p p, also of five parts. 

Fig. 257.— Acorn, or Fruit of the Oak. c, Cupula or cup, formed by the union of numcious 
bracts or floral leaves, the free points of which are seen arranged in a spiial manner. 

fig. ^58.— Flower of ^assula rubens. c c, Foliola of calyx oi sepals, p p , Petals, e e t Stamens. 

© Qaifoels, each of them having a small scale-like appendage, a, at their base. 


e? 





FLOBAb EOTETOPES. 


177 


placed in a whorl within the former, and occupying the intervals 
between the five parts of the calyx ; five stamens, e e e, in the space 
between the parts of the corolla, and consequently opposite those of 
the calyx ; and five parts of the pistil, o o, which follow the same law 
of arrangement. Again, in Scilla italica, the parts are arranged in 
sets of three in place of five, as shown in fig. 259, where p' p* p r are 
three parts of the external whorl • p” p" p", three of the next whorl ; e\ 
an outer row of stamens ; e", an inner row ; o, the pistil formed of three 
parts. It is distinctly seen in these instances, that the parts of the flower 
are to be regarded as leaves arranged on a depressed or shortened axis. 

351. When all the parts of the flower are separate, and normally 
developed, there is no difficulty in tracing this arrangement ; but in 


many cases it is by no means an easy mat- 
ter to do so, on account of changes produced 
by the union of one part to anol her, by 
degeneration, by the abortion or non- 
development of some portions, and by the 
multiplication or folding of others.* Of the 
four whorls noticed, the two outer (calyx 
and corolla,), are called floral envelopes ; the 
two inner (stamens and pistil), are called 
essential organs. When both calyx and 
corolla are present, the plants are Di- 
chlamydeous {dig, twice, and yJka/jc,jg } a 



covering) ; occasionally one or both become 2,39 


■?z,r 


abortive, and then the flower is either Monochlamydeons (povog, single), 
having a calyx only, or Acldamy - py r/ pi 

deous r (ct , privative) or naked, [}y \ ^ /'/'At 

having only the essential organs, "T— y L\’> w/' / /j 

and no floral envelope. 1 \\ \ J_ / f 

352. The Floral Eurrloprs \\ V y \ | ll//''' ^ 

consist of the calyx and corolla. 

In most cases, especially in Exo- 

gens, these two whorls arc easily f f /• ) t f,\ j 

distinguishable, the first being j i.\ :if 

external and green, the latter in- p/iA^ |l‘ : / IM P* 

ternal, and more or less highly i J 

coloured. If there is only one 
whorl, then, whatever its colour .,1 


* At the conclusion of the remarks on the organs of reproduction, notice Is taken of various 
metamorphoses produced in dowers by the causes above specified 
Fig 259 — Flowei of Scilla italica jf p’ p\ Tluee external leaflets, or divisions of the perianth 
or Perigone. p" p" p'\ The three mtcrnul leaflets. e\ Stamens, opposite to the find 01 external 
leaflets, e ", Stamens, opposite the second or internal leaflets, o, Ovanes united together Into 
one. <, Three styles, consolidated so as to toim one. 

Fig 260 — Flower of White Lily ( Liiuun album), p. Perianth or Perigone, having three parts 
exterior, p e , alternating with three interior, p t. e. Stamens, having versatile ontheis attached 
to the top of the filaments. *, Stigma at the apex of the style. 
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or degree of development, it is the calyx. Sometimes, as in many 
Endogens, the calyx and corolla both display rich colouring, and are 
apt to be confounded. In such cases, the term Perianth (vetf, 
around, and u»6os, flower), or Perigone (vetf and ycv y, pistil) lias been 
applied to avoid ambiguity. Thus, in the Tulip, Crocus, Lily, Hya- 
cinth, in place of calyx and corolla, authors speak of the parts 
of the perianth, although in these plants, an outer whorl (calyx), 
may be detected, of three parts, and an inner (corolla), of a similar 
number arranged alternately. Thus, the perianth of the White Lily 
(fig. 200 p ), consists of three outer parts, p e , alternating with three 
internal parts, p £, surrounding the essential organs, e, the stamens, 
and s, the pistil. 

353. The term perianth then is usually confined to the flowers of 
Endogens, whatever colour they present, whether green, as in Aspa- 
ragus, or coloured, as in Tulip. Some use the term perianth as a 
general one, and restrict the use of perigone to cases where a pistil is 
present, not applying it to unisexual flowers in which stamens only 
are produced. In some plants, as Nymphsca alba (fig. 310), it is not 
easy to say where the calyx ends, and the corolla begins ; as these two 
whorls pass insensibly into each other. 

354. Fiowcr-bud.— To the flower-bud, the name alabastrus (mean- 
ing rose-bud) is sometimes given, and its period of opening has been 
called anlhesis {oLu&wic, flower opening), whilst the manner in which 
the parts are arranged with respect to each other before opening, is 
the aestivation ( cestivus , belonging to summer), or pmjloralion (pice, 
before, and flos, flower). The latter terms bear the same relation to 
the flower-bud, that vernation does to the leaf-bud, and distinctive 
names have also been given to the different arrangements which it 
exhibits. When the parts of a whorl are placed in an exact circle, 
and are applied to each other by their edges only, without overlapping 
or being folded, thus resembling the valves of a seed-vessel, the aesti- 
vation is valvate , as in calyx of Guazurna ulmifolia (fig. 261 c). The 
edges of each of the parts may be turned either inwards or outwards ; 
in the former case, the aestivation is induplicate , as in corolla of Gua- 
zuma ulmifolia (fig. 261 p), in the latter reduplicate , as in calyx of 
Althaea rosea (figs. 262 c, 263 c). When the parts of a single whorl 
are placed in a circle, but each of them exhibits a torsion of its 
axis, so that by one of its sides it overlaps its neighbour, whilst its 
side is overlapped in like manner by that standing next to it, the 
aestivation is twisted or contorted , as in Corolla of Althaea rosea (figs. 
262 p , 264 p). This arrangement is characteristic of the flower-buds 
of the Malvaceae and Apocynacea?, and it is also seen in the Convol- 
vulacese and some Caryophyllaceee. When the flower expands, the 
traces of twisting often disappear, but sometimes, as in Apocynacete, 
they remain. 
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3o5. In these instances of aestivation, the parts of the verticils are 
considered as being placed regularly in a circle, and about the same 




height, and they are included under circular aestivation. But there 
are other cases in which there is a slight difference of level, and then 
the true spiral arrangement exhibits itself. This is well seen m the 
leaves of the calyx of Camellia japonica (fig. 

2G5 c), which cover each other partially like 
tiles on a house. This aestivation is imbricated . 

At other times, as in the petals of Camellia 
(fig. 2G5 />), the parts envelop each other com- 
pletely, so as to become convolute. This is 
also seen in a transverse section of the calyx 
of Magnolia grandillora (fig. 2G7), where each 
of the three leaves embraces that within it. 

When the parts of a whorl are five, as occurs 
m many Exogens, and the imbrication is such, 
that there are two parts external, two internal, 
and a fifth which partially covers one of the internal parts by its 
margin, and is in its turn partially covered by one of the external 
parts, the aestivation is quincunxial (fig. 2GG). This quincunx is com- 
mon in the corolla of ltosaccae. Fig. 2G6 is a horizontal section of 
the calyx in the flower-bud of Convolvulus sepium, in which the parts 
are numbered according to their arrangement in the spiral cycle, and 
the course of the spiral is indicated by a line of points. In fig. 268, 
a section is given of the bud of Antirrhinum majus, showing the 
imbricated spiral arrangement. In this case it will be seen, when 
contrasted with fig. 26G, that the part marked 2, by a slight change 



Fig. 261. —Diagram of calyx, c, and corolla, p, in tho trad of Guazuma ulmifolia. Estivation 
of calyx valvate, of petals mdupheate. - 

Fig 2 )2.— Diagram of calyx, c, and corolla, p, in the flower-bud of Althaea rosea. Estivation of 
calyx reduplicate, of petals contorted or twisted. 

Fig. 263.— Flower-bud of Althaea rosea in a young state, showing calyx, c, still completely 
enveloping the other paits, and the edges of its divisions touching each other. 

Fig. 264 —The same in a more advanced state, where the calycme divisions, c, are separated 
so ns to allow the expansion of the corolla, the petals of which, p , are contorted in activation 

Fig. 265 - Flower-bud of Camellia japonica. c, Imbricated sepals of the calyx, jp, Totals with 
convolute aestivation. 
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in portion, has become overlapped by 4. In flowers, such as those 

* ..c r» /mr ava i* OOOa 


of the Pea (f 379, fig. 292), 
one P arts > the vexillum, 

l( ) ((( 111 iff 'V is often large and folded over 

* 7/ l IV /V/ A jj/f the others, giving rise to vexil- 

^ y lary aestivation, or the carina 
* t may perform a similar part, and 

2ub 207 208 then the aestivation is carinal. 

356. The different verticils often differ in their mode of aestivation. 


Thus, in Malvaceae, the corolla is contorted, and the calyx valvate, or 
reduplicate (fig. 264). In Convolvulaceae, while the corolla is twisted, 
and has its parts arranged in a circle, the calyx is imbricated and 
exhibits a spiral arrangement (fig. 20G). In Guazuma (fig. 261), the 
calyx is valvate, and the corolla indnplicate. The circular aestivation 
is generally associated with a regular calyx and corolla ; while the 
spiral aestivations are connected with irregular as well as regular forms. 

357. The different parts of the flower, besides having a certain 
position as regards each other, bear also definite relations with respect 
to the floral axis whence they arise. An individual part of a flower 
may be turned to the one or the other side of the axis, to the right or 
to the left, in its normal state, and the same will be the case with the 
corresponding parts of the other flowers. This law often holds good 
with whole groups of plants, and a means is thus given of character- 
izing them. If a whorl of the flower consists of four parts, that which 
is turned towards the floral axis is called superior or posterior , that 
next the bract whence the pedicel arises is inferior or anterior , while 
the other two are lateral . If again, there are five parts of the whorl, 
then two are inferior, two lateral, and one superior. In plants having 
blossoms like the Pea, the vexillum, or odd petal, is the superior part ; 
whilst in the calyx, the odd part, by the law of alternation, is inferior. 
Sometimes the twisting of parts makes an apparent change in their 
position. 


External Floral Whorls , or Floral Envelopes. 


358. Calyx. — The calyx is the external envelope of the flower, and 
consists of verticillate leaves, called sepals , foliola, or phylla , { folium, 
and /AAov, a leaf). These calycine leaves arc sometimes separate from 
each other, at other times they are united to a greater or less extent; 
in the former case, the calyx is polysepalous or polyphyllous (prokvs. 

Fig 266. — Horizontal section of calyx in flower-bud of Convolvulus sepiura Calyx consists of 
five sepals corresponding to the numbeis in the fig me, and Uie line of points indicates the direc- 
tion or the spiral according to which they are an aimed. 

Fig 267 —Arrangement of the three outer leaflets (calyx) in the hud of Magnolia grandiflora, 
cut transversely ; Aestivation convolute. 

Fig. 26 $ — Arrangement of the parts of the calyx in the flower of Fiogsmoutb ( Anttrt'hmum 
mojui) * The arrangement differs from that in fig 260, on account of a slight twisting and over- 
lapping Of the pai ts. 
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many), in the latter gamosepalous or gamophyUous , inonosepalous or 
monophyllous (yotpog, union, or povog, one). The divisions of the calyx 
present usually all the characters of leaves, and in some cases of mon- 
strosity they are converted into the ordinary leaves of the plant. This 
is frequently seen in the Kose (fig. 226 c), Pseony, &c. Their structure 
consists of cellular tissue or parenchyma, traversed by vascular bundles, 
in the form of ribs and veins, containing spiral vessels, which can be 
unrolled, delicate woody fibres, and other vessels, — the whole being 
enclosed in an epidermal covering, having stomata, and often hairs on 
its outer surface, which corresponds to the under side of the leaf. 

359. The venation of the calyx in the great divisions of the vege- 
table kingdom, is similar to that of their leaves ; parallel in Endogens, 
reticulated in Exogens. The leaves of the calyx are usually entire 
(fig. 269), but occasionally they are cut in various ways, as in the 
liose (fig. 270 c/j, and they are sometimes hooked at their margins, as 
in Kumex uticatus (fig. 271 c i). In the last-named plant, there are two 
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whorls of calycine leaves, the outer of which, c e, are entire, and there 
are also swellings, g , in the form of grains or tubercles on the back 
of the inner hooked sepals. The outer leaves, c e , may be looked upon 
in such cases as bracts occupying an intermediate place between leaves 
and sepals. It is rare to find the leaves of the calyx stalked. They 
usually consist of sessile leaves, in which the laminar portion is only 
slightly developed, and frequently the vaginal part is alone present. 
Sepals are generally of a more or less oval, elliptical, or oblong form, 
with the extremity cither blunt or acute. In their direction they 
are erect or reflexed (with their apices downwards), spreading out- 


Flg. 9fi9 — Pentaphyllous or pentasepalous calyx of Stellaria ITolostea ; sepals entire 
Fig. 270,— Flower of the Kose, cut vei tically c t , Tube ot the calyx, c /, Limb of culyx divided 
into leaflets e e, Stamens, o o, Ovaiies, each having a style winch readies beyond the tube of 
the calyx, and ending in a stigma, s 

Fig 271.— Cal) x of Itumcx uncatus, composed of two verticils or whorls; the outer, c e, having 
short and entire divisions; the Inner, c r, bin mg larger divisions, which exhibit at the margin 
narrow hooked pi ejections, and ha\e at their base a granulai swelling, g 
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wards (divergent or patulous ), or arched inwards (connivent). They 
are usually of a greenish colour, and are called foliaceous or herbaceous ; 
but sometimes they are coloured, as in the Fuchsia, Tropmolum, and 
Pomegranate, and they are then called petaloid. Whatever be its 
colour, the external envelope of the flower must be considered as the 
calyx. 

360. The nature of the hairs on the calyx gives rise to terms similar 
to those already mentioned as applied to the surfaces of plants (If CO). 

The vascular bundles sometimes 
form a prominent rib (figs. 272, 
273), which indicates the middle 
of the sepal, at other times they 
form several (fig. 274). The vena- 
tion is useful in pointing out the 
number of leaves which form a 
gamosepalous calyx. At the part 
where two sepals unite, there is 
occasionally a prominent line, formed 
by the union of the vessels of each 
(fig. 274), which divides near the apex into two branches, each follow- 
ing the course of their respective sepals. 

361. In a polysepalous calyx, the number ©f the parts is marked by 
Greek numerals prefixed- Thus, a trisepalons calyx has three sepals, 
pentasepalous or pentaphyllous , five, as in Stellaria llolostea (fig. 260), 
and so on. The sepals occasionally are of different forms and sizes. 
Thus, in Aconite, one of them lias a peculiar helmet shape, and has 
been called galeate {galea, a helmet) ; some authors regard this as a 
petal, but it seems to belong to the outer whorl, and is consequently 
a part of the calyx. In Calcophyllum, one of the sepals enlarges after 
the corolla falls, and becomes of a fine pink colour. 

362. In a monophyllous or gamosepalous calyx, the sepals adhere 
in various ways, sometimes very slightly, as in CEnothera ; and their 
number is marked by the divisions at the apex. These divisions are 
either simple projections in the form of acute or obtuse teeth (fig. 273), 
or they extend about half way, as fissures, the calyx being trijid (three- 
cleft), quinquefid (five-cleft), as in Primula elatior (fig. 272), according 
to circumstances ; or they reach to near the base in the form of parti- 
tions, the calyx being tripartite , quadripartite , qumquepai tite, &c. The 
adhesion or union of the parts may be complete, and the calyx may 
be quite entire or truncate , as in some Correas, the venation being 
the chief indication of the different parts. The adhesion is sometimes 
irregular, some parts uniting to a greater extent than others, thus 


Fig. 272. —Quinquefid or five-cleft calyx of Primula elatior “or the oxlip. 
Fig 273. — I'ive-toothed calyx of bilenc infiata. 

Fig. 274 —Calyx, q of Hibiscus, with its calieulus or cpicalyx, b> 
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forming a two-lipped or labiate calyx, which, when the upper lip i§ 
arched, becomes ringent. The upper lip is often composed of three 
parts, which are thus posterior or next the axis, while the lower has 
two, which are anterior. The part formed by the union of the sepals 
is called the tube of the calyx ; the upper portion where the sepals are 
free is the limb. Sometimes a monophyllous calyx assumes an angular 
or prismatic form, as in Lamium and Primula, and then the angles are 
marked by the midribs of the sepals which form it. Occasionally the 
calyx has a globular form, at other times it is bell-shapecl , funnel-shaped, 
turbinate (like a top), or inflated. 

31)3. Occasionally, certain parts of the 
sepals undergo marked enlargement. In the 
Violet, the calycine segments (lacinicr) are pro- 
longed downwards beyond their insertions, 
and in the Indian Cress (Tropocolum) this 
prolongation is in the form of a spur (ca/car), 
formed by three sepals (fig. 275 e) ; in Del- 
phinium it is formed by one. When one or 
more sepals are thus enlarged, the calyx is 
calcarate nr spurred. In the Pelargonium, the 
spur from one of the sepals is adherent to the 
flower-stalk. 



364. In some plants, as the Mallow tribe, the flower appears to be 
provided with a double calyx, which has been denominated caliculate , 
the outer calyx being the epicahjx. In fig. 274, c represents the calyx 
of Hibiscus, and b the smaller calyx or epicalyx outside; and in fig. 


276, the same thing is shown in Potentilla verna. ^ 

Many authors look upon the outer calyx as a col- £\ 9 * 

lection of whorled bractlets, or an involucre placed 
immediately below the flower. In some cases the 
projecting teeth between the divisions of the calyx, 
as in Rosacese, are to be traced to the transforme4 
stipules of the calycine leaves. Degenerations take (I 
place in the calyx, so that it becomes dry, scaly, and 276 

glumaceous (like the glumes of grasses), as in the Rush tribe ; hairy, as 
in Composite ; and a mere rim, as in some Umbelliferse and Acanthaceae, 


when it is called obsolete or marginate. 


365. In Compositse, Dipsacea?, and Valerianacese, the tube of the 
calyx adheres to the pistil, and the limb is developed in the form of 
hairs, called pappus. This pappus is either simple ( pilose ) (fig. 278), 
or feathery {plumose ) (fig. 273), In cases where, to the naked eye, 
the hairs appear to be simple, the application of a lens sometimes 
exhibits distinct tooth-like projections often irregularly scattered. In 


Fig. 275.— Calcarate calyx of Tropocolum or Indian cress, e, Spur or calcar p, Pedicel 
Fig. 276.— Calyx, c c, of Potentilia verna, -with its epicalyx or caliculus, o o. 
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figs. 277, 278, and 279, th ere are examples of calyces, c, the tubes of 
which, t , are united to the pistil, while the limbs, L, show the transition 
from the narrowed thread-like form in Catananche cserulea (fig. 277), 
to the pilose in Scabiosa atro-purpurea (fig. 278), and thence to the 
plumose in Pteroccphalus patestinus (tig. 27b). In Valeriana, the 
limb of the calyx at first seems to be an obsolete rim, but as the fruit 
ripens, it is shown to consist of hairs rolled inwards, which expand so 
as to waft the fruit. 



The calyx sometimes falls off before the flower expands, as m 
Poppies, and is caducous; or along with the corolla, as in Ranunculus, 
and is deciduous ; or it remains after flowering, as in Labiates, Scrophu- 
lariacen?, and Boraginncene ; or its base only is persistent, as in Datura 
Stramonium. In Eschscholtzia and Eucalyptus, the parts of the calyx 
remain united at the upper part, and become disarticulated at the base 
or middle, so as to come off in the form of a lid or funnel. Such a 
calyx is operculute ( operculum . , a lid), or cahjptrate (k^v^t^oc, a cover- 
ing). The existence or non-existence of an articulation determines 
the deciduous or persistent nature of the calyx. In the case of Esch- 
scholtzia, the axis seems to be prolonged so as to form a sort of tube, 
from which the calyx separates. In Eucalyptus, the calyx consists of 
leaves, the lamina' or petioles of which are articulated like those of 
the Orange, and the separation between the parts occurs at this 
articulation 

367. The tube of the calyx is sometimes united to the pistil, and 
enlarges subsequently, so as to form a part of the fruit, as in the Apple, 
Pear, Pomegranate, Gooseberry, &c. In these fruits the limb of the 
calyx is seen at the apex. Sometimes a persistent calyx increases much 
after flowering, without being incorporated with the fruit, becoming 

Figs. 277— 279.— Examples of calyces the limbs of which, 7, gradually pass into the state of 
hairs or pappus c. Calyx, the tube of which, t, is united to the ovary, and forms a narrow 
column above it, in figs, 27 s, 279, the limb, 7, consisting of numerous simple or feathery hairs, 
t, Involucre or gamosepalous bracts cut vertically. 

Fig. 277.— Calyx ot Cataiumche ca*rulea. 

Fig. 278.— Calyx of Scabiosa atro-purpurea. 

Fig 279.— Calyx of Fterocephalus paltestinus. 
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accrescent ( accresco , I increase), as in various species of Physalis (fig. 
280); at other times it remains in a withered or marcescent (waiccsco, 
I decay) form; sometimes it becomes inflated or 
vesicular . In Trifolium fragiferuin, the union 
of the inflated calyces causes the strawberry- 
like appearance # of the head of flowers when • 
in fruit. 

3G8. Corolla. — The corolla is the more or 
less coloured inner floral envelope, forming 
the whorl of leaves between the calyx and 
the stamens. It is generally the most con- 
spicuous whorl. The gay colours and fragrant 
odours of flowers are resident m it. It is 
present in the greater number of Exogens. It 
is composed of parts which are usually disposed 
in one or more verticillate rows, and which 
are called petals (ntrcxrhw, a leaf). The petals 
sometimes form a continuous spiral with the calycine segments, but in 
general they are disposed in a cncle, and alternate with the sepals. 

3GD. Petals difler more from leaves than sepals do, and are much 
more nearly allied to the next whorl or the stamens. In some cases, 
however, they are transformed into leaves like the calyx, and occa- 
sionally leaf-buds are developed in their axil. They are seldom green, 
although occasionally this colour is met with, as in some Cobfeas, 
lloya viridi flora, Gonolobus viridiflorus, and Pentntropis spiralis. 
They are generally white, red, blue, or yellow, or exhibit some colour 
produced by an intermixture of these. The colouring matter is con- 
tained in cells, and differs in its nature from the chlorophylle of the 
leaves. As regards their structure, petals consist of cellular tissue 
traversed by true spiral vessels, and thin-walled tubes. In delicate 
flowers, as Convolvulus and Anagallis, these vessels are easily seen 
under the microscope. Petals do not usually present numerous layers 
of cells like the leaves, neither is the epidermis always distinct, although 
m some instances it may be detached, especially from the surface next 
the calyx. The cuticle of the petal of a Pelargonium, when viewed 
with a ~2 or I inch object glass, shows beautiful hexagons, the boun- 
daries of which arc ornamented with several inflected loops in the 
sides of the cells. 

370. On the outer surface of petals, corresponding to the lower side 
of leaves, stomata are sometimes found. Petals are generally glabrous 
or smooth ; but, in some instances, hairs are produced on their sur- 
face. Petaline hairs, though sparse and scattered, present occasionally 
the same arrangement as those which occur on the leaves : thus, in 

FSg. 280 —Accrescent calyx, c, connected with the fruit of Thysalis alkekcu^l 

i 2 
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Bombacese they are stellate. Coloured hairs are seen on the petals 
of Menyanthes, and on the segments of the perianth 
of the Iris. Although petals are usually very thin 
and delicate in their texture, they occasionally be- 
come thick and fleshy, as in Stapelia and Rafflesia j 
or dry, as in Heaths ; or hard and stiff, as i n Xylopia. 
A petal often consists of two portions — the lower 
0 narrow, resembling the petiole of a leaf, and called 
the wiguis or claw ; the upper broader, like the blade 
of a leaf, and called the lamina or limb. These parts 
are seen in the petals of the Pink (fig. 281), where 
o is the claw, and l the limb. The claw is often 
wanting, as in the Rose, and the petals are then 
sessile. Those having a claw are unguiculate . 

371. Petals, properly so called, belong to Exogenous plants, for in 
Endogens the flowers consist of a perianth or perigone, which is re- 
ferred to the calycine envelope. Hence the venation of petals re- 
sembles that of exogenous leaves. In the claw the vessels are approxi- 
mated, as in the petiole, and in the limb they expand. There may 
be a median vein whence lateral veins go off, at the same or different 
heights, forming reticulations ; or there may be several primary veins 
diverging from the base of the limb, and forming a sort of fan-shaped 
venation. At other times the median vein divides into two. 



372. According to the development of veins, and the growth of 
cellular tissue, petals present varieties similar to those already noticed 
in the case of leaves. Thus the margin is either entire or divided into 
lobes or teeth. These teeth sometimes form a regular fringe round 
A px the margin, and the petal becomes fimbriated 

/A A (fimbria, a fringe), as in the Pink (fig. 281); 

1 /J 2/ or as * n Tychnis Flos-cuculi; or 

h V '\ ^ // / V'cstedi as in Polygala. The median vein is 

f// y Jf \\ V r ‘ / occas ^ onil lly prolonged beyond the summit of 

*n fff \ I ‘ / the petals in the form of a long process, as in 

tl / \\J// Strophanthus hispidus, where it extends for 

[77 W seven inches ; and at other times it ends in 

X/ o\ll a f ree p 0 i n t or cuspis , and thus becomes cus- 

282 263 pidate; or the prolonged extremity is folded 

downwards or indexed, as in the Umbelliferae (fig 282), so that the 
point approaches to the base. If the median vein divides into two, 
the space between the divisions may be filled up so as to leave only a 


Fig 281.— An unguiculate potal of Dianthus monspessulanus. o, Unguis or daw. Z, Limb 
which is fimbriated, or has a fringed margin. 

Fig 282.— A petal of Eryngium campestre, with the apex inflected or turned down towards the 
base. . 

1 ig 281. —A bipartite petal of Alslue 'uedia, or common Chickweed. /, The limb split into two 
0 , Tne claw. 
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slight deficiency, and thus the petal becomes emarginale; or the de- 
ficiency may be greater, while the limb gradually expands from below 
upwards,* and its extremity becomes two-lobed, so that the petnl 
becomes obcordcite. If the separation extends to the middle, it is bifid ; 
if to near the base, bipartite , as in Chickweed (fig. 283 /). In the 
same way as in leaves, the venation of the petals is sometimes unequal, 
and the cellular tissue is developed more on one side than on the other, 
thus giving rise to an oblique petal. 

373. According as the veins proceed m a straight or curved direc- 
tion, so may the limb of the petal be flat or concave, or hollowed like 
a boat, cymbiform or navicular ( cymba , a boat, and navis , a ship), or 
like a spoon, cochlear if or m ( cochleare , a spoon). In the case of the 
navicular petal, the median vein forms a marked keel. In Hellebore, 
the petals become folded in a tubular form, resembling a horn ; in 
Aconite (fig. 284), some of the 
petals, />, resemble a hollow 
curved horn, supported on a 
grooved stalk, while in Colum- 
bine (fig. 283), Violet, Snap- 
dragon, and Centranthus, one 
or all of them are prolonged 
in the form of a spur, and are 
calcarate ( calcar , a spur). In 
Valeriana, Antirrhinum, and 
Corydalis, the spur is very 
short, and the corolla or petal 
is said to be gibbous (gif bus, a 
bunch or swelling), or saccate 
at the base. In some Bora- 
ginacece (fig. 297), there are 
foldings at the upper part of 
,the tube of the corolla, r, 
causing hollow projections, 
open on the outside, which might be considered as small internal spurs. 

374. When a petal continues narrow, as if formed by a prolonga- 
tion of the claw, it is called linear ; when the limb is prolonged below, 
so as to form two rounded lobes, it is cordate , as in the petal of Genista 
candicans (fig. 286), and when the lobes are acute, it may be sagittate 
or hastate. The meaning of the epithets applied to the forms of petals, 
will be understood by considering those applied to leaves. In general, 

Fig. 284.— Pait of the flower of Aconltum Napellus, showing two irregular hom-like petals, p, 
supported on grooved stalks, o. These used to be called nectaries, s , The whorl of stamens in- 
serted on the thalamus, and surrounding the pistil. 

Fig, 285 — Single spuned petal of Aqullegia vulgaris, or common Columbine, formed by a 
folding of the margins 

tig. 286*. - Cordate or cordiform petal of Genifta candicans. 0 , The claw. A The limb. 
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it may be stated, that the terms refer to the limb of the petal, which is 
frequently the only portion developed. In the Poppy, the petals have 
a puckeied or corrugated appearance, arising from their deliCacy, and 
the mode in which they are folded in aestivation. Other petals have 
a crisp or wavy margin. 

375. A corolla rarely consists of one petal, and when this occurs, 
as in Amorpha, it depends on the abortion or non-development of 
others. Such a corolla is unipetalons (units, one), a term quite distinct 
from monopetalous (*jf 376). In general, the corolla consists of several 
petals, equalling the sepals in number, or being some multiple of them. 
When this is the case, the floral envelopes are said to be symmetrical ; 
when, however, by the abortion of some of the petals the numbers 
do not correspond, then the (lower becomes un symmetrical. When 
alluding to the general symmetry of the flower, the various changes 
produced by some petals being undeveloped will be considered. A 
corolla is dipetalous , tripctalous , tetrapetalous , or pentapetalous , accord- 
ing as it has two, three, four, or five separate petals. 

376. The general name of polypctalous (wo? vg, many), is given to 
corollas having separate petals, while monopetalous or gamopetalous 
(pivcg, one, and ycipog, union) is applied to those in which the petals 
are united. This union generally takes place at the base, and extends 
more or less towards the apex; in Pliyteuma, the petals are united at 
their apices also. In some polypctalous corollas, as that of the Vine, 

in which the petals me separate at the base, 
they adhere by their apices. That a mono- 
petalous corolla consists of several petals 
united, is shown in such cases as Phlox 
amocna, some specimens of which have the 
petals more or less completely disunited, 
while others exhibit the normal form of co- 
herent petals. When the petals are equal as 
regards their development and size, the corolla, 
is regular, when unequal it is incgular. 
Even although the separate petals are oblique, 
still, if they are all equally so, as in many 
Malvaceae with twisted aestivation, the corolla 
is regular. The size of the corolla as com- 
pared with the calyx, the number, direction, 
and form of its parts, and their relation to 
the axis of the plant, require attention, 
is monopetalous, it usually happens that the 
claws, or the lower parts of the petals, are united into a tube (figs. 287, t , 

Flp. 287.— IteflVIar monopetalous or gamopetaloiw tubular cnolla of Splgolla marylandica. 
e, Calyx. t. Tube of the corolla. I, Limb ot the coiollu $, Sumr- * of an 'I 
Fi;r. 288.— Irregular gamopetalous oi monopetalous corolla of D^u. t iis pun u i.i, oi 1 oxglovo. 
c. Calyx, p, Coiolia. Tube, f, Limb. * 





377. When a corolla 
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288 t) y while the upper parts are either free or partially united, so as 
to form a common limb (fig. 287 /), the two portions being separated 
by the faux or throat , which often exhibits a distinct contraction or 
expansion. The number of parts forming such a corolla can be deter- 
mined by the divisions, as by the number of teeth, crenations, fissures, 
or partitions ; or if, as rarely happens, the corolla is entire, by the 
venation. The union may be equal among the parts, or some may 
unite more than others, leaving gaps between the united portions. 
Sometimes the tubular portion is bent, as in Lycopsis ; at other times 
the limb is curved at its apex, as in Lamium. 



378. Kfgiilnr Poiyprtniou* icrolio-f. — Among them may be noticed 
the rosaceous corolla, in which there are five spreading petals, having 
no claws, and arranged as in the single / 


hose (fig. 280) and Potenlilla; the can/o- 


(. 


( 




phyllaceovs corolla, in which there arc fiw 
petals with long narrow tapering claws, as 
in many of the Pink tribe (figs. 200, 281) : 
the afsinaccous , where the claw is less 
narrow, and there are distinct spaces be- 
tween the petals, as in some species of 
Chickweed ; cruciform , having four petals, 
often unguiculate, placed opposite in the 
form of a cross, as seen in Wallflower (fig. 

201 ), and other plants called cruciferous (crux, a cross, and fero , 1 





beai). 


Fig 289 — Poljpctalous flower of Rosa rubiginosa, or the Sweet-brier f>, Buut or floral leaf 
e t. Tube of calyx, which brims the conspicuous pint of what is commonly called the flint 
cf, cf cf cf Sepals 01 fobolu of the caJ> \ pppp, Petals without a claw, c, Stamens attached 
to the calyx. 

Fig 290.— Polypetalous flower of Dinnthus monspessulamis. b, Bracts c, Calyx p p. Petals 
with their daws, o, appioximated so as to foim a tube. 

Fig. 291.— Cnu i fero us tlowei of Cliei iambus Cbeul, or W r alIflower c, Lobes of the sepals; tho 
two external sepals being prolonged inferioily, so as to form a sort of spur 01 hm elhng. pp, Tho 
four petals arranged like a cross, e , The foui longer stamens, the summits oi the unthcis being 
visible. 
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879 Irregular palypetalons Corollas. — The most marked of these 
is the papilionaceous (fig. 292), in which there are five petals ; one 
superior (or posterior), turned next to the axis, usually larger than the 
rest, e, and folded over them in aestivation, called the vexillum or stan- 
dard; two lateral, a, the alee or wings; two inferior(or anterior), partially 
or completely covered by the aim, and often united slightly by their 
lower margins, so as to form a single keel-like piece, bj called carinaj 
or keel, which embraces the essential organs. This 
corolla occurs in the Leguminous plants of Bri- 
tain, or those plants which have flowers like the 
pea. Among the irregular polypetalous corollas 
might be included the orchidaceous , although it 
is, properly speaking, the perianth of an Endogen. 

This perianth consists of three outer portions 
equivalent to the calyx, and three inner alternat- 
ing with them, constituting the petals. The latter 
are often very irregular, some being spurred, others hooded, &c. ; and 
there is always one, called the labellum or lip, which presents a 
remarkable development, and gives rise to many of the anomalous 
forms exhibited by these flowers. 




880. Regular Monopetalous or Camopefalous Corolla*. — These are 
sometimes campanulate or bell-shaped, as in Campanula rotundifolia 


Fig. 292. — Irregular polypetalous corolla in the papilionaceous flower of Lathyrus odoratus, or 
Sweet-pea. c, Calyx, e, Vexillum 01 standard, a. Two alse or wings. b } Carina or keel, formed 
of two petals. 

Fig 293.— Regular monopetalous or gamopetalous campanulate or hell-shaped corolla of Cam- 
panula rotundifolia. c, Calyx /, Limb of corolla. Stigma 
Fig, 294. — Regular monopetalous or gamopetalous intundibuliform corolla of Nicotiana Taba- 
cum, or Tobacco. The letters as in fig 293. 

Fig. 295.— Regular monopetalous or gamopetalous liypoeraterlform corolla of Primula elatior, 
or Oxlip. e, Calyx p, Corolla, t Tube. I, Limb, o, Anthers 
Fig. 296.— Regular gamopetalous tubular corolla of Symphytum officinale, or common Comfrey. 
c, Calyx, t, Tube of corolla. I, Limb, a, Stigma, r, External depressed surface of folds which 
ct into the tube of the corolla. 
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(fig. 293) ; infundibuVform or funnel-shaped, when the tube is like an 
inverted cone, and the limb becomes more expanded, at the apex, as 
in Tobacco (fig. 294)); hypocrateriform or salver-shaped , when there 
is a straight tube surmounted by a flat spreading limb, as in Primula 
(fig. 295) ; tubular , having a long cylindrical tube, appearing continu- 
ous witl^the limb, as in Spigelia (fig. 287), and Comfrey (fig. 296); ro~ 
tate or wheel-shaped , when the tube is very short, and the limb flat and 
spreading, as in Myosotis (fig. 297) ; when the divisions of the rotate 
corolla are very acute, as in Galium, it is sometimes called stellate or 
star-like; urceolate or urn-shaped, when there is scarcely any limb, 
and the tube is narrow at both ends, and expanded in the middle, as 
in Erica cinerea (fig. 298). Some of these forms may become irre- 
gular in consequence of certain parts being more developed than 
others. Thus, in Veronica, the rotate corolla has one division much 
smaller than the rest, and in Digitalis there is a slightly irregular 
campanulate corolla (fig. 288), which some have called digitaliform. 
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881. Irregular Monopefnlon* or Gamopetalous Corollas. — Among 
these may be remarked the labiate or lipped (fig. 299), having two 
divisions of the limb in the form of what are called labia or lips 
(from a fancied resemblance to a mouth), the upper one composed ( 
usually of two pieces, and the lower of three, separated by a hiatus 
or gap, l . In such cases the tube varies in length, and tlie parts of 
the calyx follow the reverse order in their union, two sepals being 
united in the lower lip, and three in the upper. When the upper 
lip of a labiate corolla is much arched, and the lips separated by a 
distinct gap, it is called ring ait ( ringo , I grin). The Labiate corolla 

Fig. 297 —Regular gamopetalous rotate corolla of Myosotis palustris, or Forget-me-not. c, 
Calyx, p, Coi ollu. r, Folds of the corolla, forming projections at the upper part of the tube, 
which are opposite to the lobes of the coiolla. 

Fig. 298.— Regular gamopetalous urceolate or urn-shaped corolla of Erica cinerea, or cross-leaved 
Heath Letters as in hg. 29.3. 

Fig 299 — Irregular gamopetalous labiate or lipped corolla of Salvia pratensis c, Calyx. I, 
Tube of corolla. /, Limb, forming two lip9, huving a gap or hiatus between them. 5, Summit 
of style. 

Fig. 300.— Irregular gamopetalous personate or masked corolla of Antirrhinum maius, or Frogs- 
mouth. c, Calyx, t , Tube of corolla, having a gibbosity or swelling, «, at its base. /, Limb of 
corolla, g , The faux or mouth dosed by a projection of the lower lip, j>. 
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characterizes the natural order Labi atm. In Lobelia, there is a Labi- 
ate corolla, the upper lip of which becomes convex superiorly, and is 
split to near the base. When the lower lip is pressed against the 
upper, so as to leave only a chink or rictus between them, the corolla 
is said to be personate or masked (persona, a mask), as in Frogsmouth, 
Snapdragon, and some other Scrophulariacero (fig. 300), ^and the 
projecting portion, p , of the lower lip is called the palate. In some 
corollas the two lips become hollowed out in a remarkable manner, 
as in Calceolaria, assuming a slipper-like appearance, similar to what 
occurs in the labellum of some Orchids, as Cypripedium. Such cal- 
ceolate ( calceolus , a slipper) corollas may be considered as consisting 
of two slipper-like lips. 

382. When a tubular corolla is split in such a way as to form a strap- 
like process on one side with several tooth-like projections at its apex, 
it becomes Ugulatc (licjula, a little tongue), or strap- 
shaped (fig. 301). This corolla occurs in many 
composite plants, as in the florets of Dandelion, 
Daisy, and Chi-'ory. The number of divisions at 
the apex indicates the number of united petals, 
some of which, however, may be abortive. Occa- 
sionally, some of the petals become more united th|fi 
others, and then this corolla assumes a bilabiate or 
two-lipped form, In Composite there are often 
two kinds of florets associated in the same head, 
Thus, in the Daisy, there arc irregular ligulate 
white florets on the outside or in the ray, while 
there are regular tubular yellow llorets in the centre 
or disc. In Kcrovoln and in Honeysuckle, the corolla 
is split down to its base, so as to resemble somewhat 
the ligulate form. 

383. IVrc inrit w and Anomalies) In Petals. — Certain 
abnormal appearances occur in the petals of some 
flowers, which received in former days the name of nectaries. The 
term nectary was very vaguely applied by Linnaeus to any part of the 
flower which presented an unusual aspect, as fhc crown of Narcissus, 
the processes of the Passion-flower, &c. If the name is retained, it 
Ought properly to include only those portions which secrete a honey- 
like matter, as the glandular depression at the base of the perianth of 
the Fritillary (fig 302 r), or on the petal of Ranunculus, or on the 
stamens of Rutacem. Some say that in all flowers there is an apparatus 
for secreting honey connected with the essential organs of the flower, 
and in some way concerned m fertilization, and the nourishment of the 

Fiff 301 -Irrc£u 1 ar cnmorctr-l-’ic floret of Catananehc caerulca. c , Calyx, -with a 

miinquedd 1 1 : : i L» 1.1 .t"il i r *■■■ )• i \ «i ‘ :•■■■- uy, o e. Stamens with united anthets, a, 
svwjcufyioui). si.iiodiium,; t‘ e with its bifid stigma. 
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young seeds. This opinion is particularly supported by Vaucher and 
Bravais. The sap of Zea Mais is said to contain much saccharine 
matter before flowering, which ultimately passes to the 
flower, and disappears from the rest of the plant. 

What have usually, however, been called Nectaries, 
are mere modifications of some part of the flower, pro- 
duced either by degeneration, or by a process of 
dilamination (dis, separate, and lamina , a blade), or 
chorization (j I separate). This process, called 
unlining by Lindley, and deduplication by Ilenfrey, 
consists in the separation of a layer from the inner 
side of a petal, either presenting a peculiar form, or 

resembling the part from which it is derived. The 

parts thus produced are not alternate with the petals 
or the segments of the corolla, but opposite to them. 302 

In these cases, the petals at the lower part consist of one piece, but 
where the limb and claw separate,* or where the tube ends, the vascular 
layer splits into two, and thus two laminae are formed, 
posteriorly and anteriorly, one of which is generally ^Ai\l bfk 
less developed than the other. These dilaminated V \ llr h > 

are well seen in Lychnis (fig. 303 a), Silene, k V . // 

Roglossum, and Kanunculus, and may be considered V 
as formed in the same way as the ligule of grasses (•[[ 

161). Corollas having these scaly appendages are 
sometimes denominated appendiculate . In other cases, 
as in Cuscuta, the scales are alternate with the petals, 
and are net traced to dilamination. This system of 
dilamination has been applied by the French botanists 
to all cases in which the parts of whorls become 
opposite in place of alternate. Lindley and others, 
however, believing that the law of alternation is the 
normal one, refer such cases in general to an abortion 
of a whorl, or to some peculiar arrestment in develop- 303 
ment, as will be shown under the section of Morphology and Symmetry. 

384. In general, the parts called Neclaries, are to be considered as 
merely modifications of tne corolla or stamens. Thus, the horn-like 
nectaries under the galeate sepal of Aconite (fig. 284 p\ are modified 
petals, so also the tubular nectaries of Hellebore. The nectaries of 
Menyanthes and of Iris, consist of hairs developed on the petals. Those 
of Parnassia (fig. 304 w), and of the Passion-flower, Stapelia, Asclepias, 
and Canna, are fringes, rays, and processes, which are apparently 



Fig. S02 —One of the segments, s, of the perianth of Fritillariu imperialis, or Crown Imperial, 
with a pit or depression, r, at its base, containing honey-like mutter The cavity is coloured 
differently from the rest of the segment, and it is often railed a nectary, or a necturlferous gland. 

Fig 303. — Petal of Lychnis fulgens, seen on its inner side o. Claw /, Limb a. An appendage 
iormed by dilamination or chorization. This appendage has been called a ncctury. 
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modifications of stamens, and some consider the crown of Narcissus as 
consisting of a membrane similar to that which unites the stamens in 
Pancratium. It is sometimes difficult to say whether 
these nectaries are to be referred to the row of the 
corolla or of the stamens. The paraphyses of the 
Passion-flower, the crown of Narcissus, and the coronet 
of Stapelia, are referred sometimes to the one and 
sometimes to the other. In general, they may be said 
to belong to that series with which they are immedi- 
ately connected. Some have attempted to give names 
according to the parts of which they are modifications, 
by prefixing the term para (^ec^d, beside, or close to), 
and speaking of paracorolla and parastemones. 

804 385. Petals are attached to the axis usually by a 

narrow base, but occasionally the base is larger than the limb, as in 
the Orange flower. When this attachment takes place by an articula- 
tion, the petals fall off either immediately after expansion (caducous), 
or after fertilization ( deciduous ). A corolla or petals which are con- 
tinuous with the axis and not articulated, as Campanula, Heaths, &c., 
may be persistent, and remain in a withered or marcescent state while 
the fruit is forming. A gamopetalous corolla always falls off ii^ne 
piece. Sometimes the base of the corolla remains persistent, *in 
Rhinanthus and Orobanche. 



386. Development of Floral Enrol open. — ITie floral envelopes, when 
monosepalous and monopetalous, first appear in the form of a ring, 
whence various cellular projections arise, constituting the sepals and 
petals; when they are polysepalous and polypetalous, the ring is 



wanting. Even when the parts become ultimately 
unequal, as in Digitalis (fig. 288), they form equal 
cellular papillae when first developed (fig. 305). 
Bameoud has shown this in the irregular Ranun- 
culacese, Violacese, Orchidacese, Labiatse, Scrophu- 
lariaceae, Leguminosae, and Polygalaceae. 

387. In Begoniaceae, the floral envelope at first 


305 appears as a continuous ring, having five very equal 

small segments ; some of these, especially in the male flowers, disappear 


entirely or become atrophied. All the observations of Barneoud con- 
firm Decandolle’s statement, that irregular flowers are to be referred 


to regular types, from which they seem to have degenerated. There 
appear to be three* principal kinds of irregularity among corollas: — 1. 
Irregularity by simple inequality of development of the several 
segments, often along with adhesion or atrophy, or arrest of growth : 


Fig. 304,— Petal, p , of Parnassia palustris, or grass of Parnassus, with a nectary, n, which ap- 
pears to be an abortive state of some of the stamens. 

JBr. 805.— Bud of the Irregular gamopetalous flower of Digitalis purpurea c e , Calyx. ©, Corolla, 
NfPfb in Us early development is regular, e, The stamens at first projecting beyond the corolla. 
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this is the most common kind. 2. Irregularity of deviation, when the 
segments, though equal, turn all to the same side, as in ligulate florets. 
3. Irregularity by simple metamorphosis of stamina, as in Canna. 
The irregular corollas of Acanthaceee, Bignoniaceae, desneraceae, 
Lobeliaceae, and Scrophulariaceae, are formed at first in a regular 
manner by equal projections from a sort of cup or ring. Even in 
Calceolaria, there is at first a scooped-out cup, with four regular and 
very minute teeth, which are ultimately developed as the corolla ; the 
nascent calyx having also four divisions. 

Inner Fiord Whorls, or the Essential Organs of Reproduction. 

388. These organs are the stamens and the pistil, the latter contain- 
ing the seeds or germs of young plants, and corresponding to the 
female, while the former produces a powder necessary for fecundation, 
and is looked upon as performing the part of the male. The presence 
of both is required in order that perfect seed may be produced. A 
flower may have a calyx and corolla, and yet be imperfect if the 
essential organs are not present. The name of hermaphrodite is given 
to flowers in which both these organs are found ; that of unisexual 
(one sex), or diclinous {ol : , twice, and Khlvy, a bed), to those in which 
onty one of these organs appears, — those bearing stamens only, being 
staminiferous {stamen, a stamen, and fero , I bear), or male ; those 
having the pistil only, pistilliferous ( pistillum , a pistil, and fero , I bear), 
or female. 

389. The absence of one of the organs is due to abortion or non- 
development When in the same plant there are unisexual flowers, 
both male and female, the plant is said to be monoecious {povog, one, 
and otKiov, habitation), as in the Hazel and Castor oil plant ; when the 
male and female flowers of a species are found on separate plants, the 
term dioecious (S<V, twice) is applied, as in Mercurialis and Hemp ; and 
when a species has male, female, and hermaphrodite flowers on the 
same or different plants, it is polygamous (tto^vs, many, and yxpos, 
marriage). The term agamous (a, privative, and yoipog, marriage) has 
sometimes been applied to Cryptogamic plants, from the supposed 
absence of any bodies truly representing the stamens and pistil. 

390. Stamens. — The stamens {stamina) arise from the thalamus or 
torus within the petals, with which they alternate, forming one or more 
verticils or whorls, which collectively constitute the androecium {dv^, 
a male, and oixiou , habitation), or the male organs of the plant, as dis- 
tinguished from the gynoedum (yvvvj, a female, and oWoy, habitation), 
or female organs of the plant. Their normal position is below the inner 
whorl or the pistil, and when they are so placed (fig 306 e ), they 
are hypogynous ; (vko, under, yvvij, female or pistil). Sometimes they 
become united to the petals or epipetalous (M, upon, and 9 t«t«Aov, a 



196 


ESSENTIAL ORGANS. — STAMENS. 


leaf), and the insertion of both is looked upon as similar, so that they 
are still hypogynous, provided they are independent of the calyx and 
the pistil. In fig. 307, the stamens, e, and the petals, p> are both 
below the pistil or ovary, o, and separate both from it and the calyx, c, 
and are therefore hypogynous . When the stamens are inserted on the 
calyx, that is, become united to it to a greater or less height above the 
base of the pistil, then they become lateral as it were in regard to it, 
and are perigynous ) around). This is shown in the flower of 
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almond (fig. 308), in which the petals, p, and the stamens, e , are united 
to the calyx c, while the pistil is free. When the union of the parts 
of the flower is such that the stamens are in- 
serted upon the ovary, they are epigymus 
(esrl, upon or above). In this case, the whorls 
are usually so incorporated, that the stamens 
appear also to come from the calyx. In the 
Orchis tribe, where the stamens adhere com- 
pletely to the pistil, and when united extend 
above the ovary, they are said to be gynandrous. 
In Aralia spinosa (fig. 300), all the whorls, 

Fig. 306.— Central part of the flower of Liriodendron tulipifera, the tulip-tree, composed of 
carpels, c c, which together form the pistil They cover the upper part of the axis, a, and below 
them ate inserted numerous stamens, some of which are seen, e t. These stamens are hypogy- 
nous and extrorse. 

Fig. 307 -Section of a flower of Geranium lobertianum. c c, Calyx p, Petals, e, Stamens. 
Pistil composed of ovary, o, and style and stigmata, s. t , Torus or thalamus. The petals and 
stamens are hypogynous, and the latter are monadelphous. 

Fig. 308.— Section of the flower of the Almond-tree The letters indicate the same parts as in 
-the last figure. The petals and stamens are peugynous The pistil is free 

Fig. 309.— Section of the flower of Aralia spinosa. Letters as in last figure. The petals and 
Btameus are epigynous. attached to a laige disk, d , which covers the summit of the ovary. The 
a< * helent tlic cal ^ x ’ an< * ^ een laid 01>en t0 8ll0W lts laments and peudulous 
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calyx, c, petals, p, and stamens, e , are united to the pistil, and the two 
latter whorls appear to rise #K)m the point where the calyx joins the 
upper part of the pistil. These arrangements of parts have given rise 
to certain divisions in classification, to be afterwards particularly 
noticed. Decandolle, for instance, applies the term thalamijlora ?, to 
plants having the parts of the corolla and androecium independent of 
each other, and all the whorls inserted immediately into the torus or 
thalamus ; cabjciflorm, to those where the petals are separate, and the 
stamens are inserted directly on the calyx ; corolUflorce , to those in 
which the united petals bear the stamens. 

391. The stamens vary in number, from one to many hundred. 
Like the other parts of the flower, they are modified leaves resembling 
them in their structure, development, and arrangement. They consist 
of cellular and vascular tissue. They appear at first in the form of 
cellular projections, and are arranged in a more or less spiral form. 
In their general aspect they have a greater resemblance to petals than 
to the Leaves, and there is often seen a gradual transition from petals 
to stamens. Thus, in Nymphaea alba, or the White Water-lily (fig. 
310, 2), c represents a sepal, which gradually passes into the petals, p, 




and these in their turn become modified so as to form the stamens, 
which are more or less perfect as we proceed from without inwards, 
or from 1 to 5. When flowers become double by cultivation, the 
6tamens are oonverted into petals, as in the Paeony, Camellia, Rose, . 
Anemone, and Tulip ; and m these instances, the changes from 
one to the other may be traced in the same way as in the Water- 
lily. 


Fip, 310, 1 — Flower of Nymptuea alba, or White Water-lily, cccc, The four foliolfl of the 
calvx oi senala p v P P, Petals, e. Stamens. *, 1‘lstIL , , , 

Lc nil) 1— Parts of the flowei scpaiatert to show the tmnsition fiorn the preen sepals ot tne 
calyx, c, anti the white petals of the coiolla. p, to the stamens, e. The 1 utter prjjcn t t J . 

from their perfect state, 5, tlnough intermediate foims, 4, 3, 2, and i, which giaduallj lcscmo 
the petals. 
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892. When there is only one whorl, the stamens are usually equal in 
number to the sepals or petals, and are amnged opposite to the former, 
and alternate with the latter. The flower is then isostemonous (iW, 
equal, and <r ryfiav, a stamen). When the stamens are not equal in 
number to the sepals or petals, the flower is ani80Stemonou8 {ay too;, 
unequal). When there is more than one whorl of stamens, then the 
parts of each successive whorl are alternate with those preceding it. 
The staminal row is more liable to multiplication of parts than the 
outer whorls. If the stamens are double the sepals or petals as regards 
number, the flower is diplostemonous (B/xAoof, double) ; if more than 
double, polystemonous {%o^vg y many). In general, when the stamens 
are normally developed, and are more numerous than the sepals and 
petals, they will be found arranged in several whorls, and their parts 
multiples of the floral envelopes. Thus, if a flower has five sepals, five 
petals, and twenty stamens, the latter are arranged in four alternate 
rows, having five m each. Although this is the usual law, yet various 
changes take place by abortion, arrestment of development, and other 
circumstances leading to abnormal growth. In this way the stamens 
may neither be equal to, nor a multiple of, the floral envelopes, and 
they may even be less numerous, so that the flower is miostemonona 
{fittavy less). In Cruciferous plants, while the petals and sepals are 
equal in number, (four,) and alternate in arrangement, the stamens 
are six in number, four long and two short; this imparity of numbers 
has been supposed to result from the splitting of the long stamens by 
lateral chorisis or separation, a presumption favoured by the fact, that 
partial union frequently exists between the two long stamens placed 
next each other, that teeth are found only on the outer side of these 
long stamens, and that in many crucifer® but four stamens exist. In 
the case of Gloxinia, where the parts of the flower are arranged- in 
fives, there are only four perfect stamens, but the fifth one is seen in 
the form of a small conical projection from the base of the corolla. 

393. In certain cases, as in Primula, the row of stamens is opposite 

to the petals forming the gamopetalous corolla. This opposition is by 
many looked upon as caused by the non-appearance of an outer row 
of stamens; by others it is considered as produced by chorization or 
separation of laminae from the petals, which become altered so as to 
form stamens, a view which is thought to be confirmed by their de- 
velopment taking place before the petals ; by a third party, each petal 
is looked upon when fully developed as formed by the halves of two 
contiguous petals, and thus the stamens are considered as being really 
alternate with the original petals. ' 

394. When the stamens are under twenty, they are called definite , 
and the flower is oliycvndvous {ohiyag y few, and ecvij £, male or stamen) 5 
when abfg&twenty, they are indefinite or polyandrous {nohvg, many), 
and are pprked 00. The number of stamens is indicated by the Greek 
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numerals prefixed to the term androus: a flower with one stamen 
being monandrous (jUve;, one) ; with two, dtandrous (list twice) ; with 
three, trixmdrcm (rplst three) ; with four, tetrandrous (tet^s, four); 
with five, pentandrous (vevn, five); with six, hexandrous (g£, six); with 
seven, heptandrous (gcrrA seven); with eight, octandrous ( oktco, eight); 
with nine, enneandroua (ima, nine); with ten, decandrous (hUx, ten); 
with twelve, dodecandrous ($<y$g*«, twelve). These terms will be re- 
ferred to when treating of the Linnaean system of classification. 

895. A stamen consists of two parts — a contracted portion, usually 
thread-like, equivalent to the petiole of the leaf, and termed the fila- 
ment ( filum , a thread) ; and a broader portion, representing the folded 
blade of the leaf, termed the anther (dvDveos, belonging to a flower), 
which contains a powdery matter, called pollen. The filament is no 
more essential to the stamen than the petiole is to the leaf, or the claw 
to the petal. If the anther is absent, the stamen is abortive, and can- 
not perform its functions. The anther is developed before the filament, 
and when the latter is not produced the anther is sessile ( sessilis , sit- 
ting), or has no stalk, as in the Mistleto- 

896. The Filament, when structurally considered, is found to consist 
of a thin epidermis, on which occasionally stomata and hairs occur, 
and of a layer of cellular tissue enclosing a bundle of spiral vessels, 
which traverses its whole length, and terminates at the union between 
the filament and the anther. The filaments of Callitriche verna are 
said to have no vessels. The filament is usually, as its name imports, 
filiform or thread-like, cylindrical, or slightly tapering towards its 
summit. It is often, however, thickened, compressed, and flattened 
in various ways. It sometimes assumes the appearance of a petal, or 
becomes petaloid (^g-rce/op, a leaf or petal, and form), as in Canna, 
Maranta, Nymphsea alba (fig. 310, 2); occasionally it is subulate 
(subula, an awl), or slightly broadened at the base, and drawn out 
into a point like an awl, as in Butomus umbellatus ; and 
at other times it is clavate ( clava , a club), or narrow be- 
low and broad above, like the club of Hercules, as in 
Thalictrum. In place of tapering, it happens, in some 
instances, as in Tamarix gallica (fig. 311), Peganum 
Harmala, and Campanula, that the base of the filament 
is dilated much, and ends suddenly in a narrow thread- 
like portion. In these cases, the base may represent the 
sheath or vagina of the petiole, and, like it, may give 
off stipulary processes in a lateral direction. Sometimes 
the filament is forked, or divided at the apex into 
branches or teeth. In Allium there are three teeth, the central one 
of which bears the anther. 

F ig 81!.— Three out of the ten stamens of Tamarix gallica, united together by the dilated 
bases of their filaments. 
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397. The filament varies much in length and in firmness. The 
length bears a relation to that of the pistil, and to the position of the 
flower, whether erect or drooping ; the object being to bring the an- 
ther into more or less immediate contact with the upper part of the 
pistil, so as to allow the pollen to be scattered on it. The filament is 
usually of sufficient solidity to support the anther in an erect position; 
but sometimes, as in Grasses, Littorella, and Plantago, it is very deli- 
cate and capillary ( capillus , a hair), or hair-like, so that the anther is 
pendulous. The filament is usually continuous from one end to the 
other, but in some cases it is bent or jointed, becoming geniculate 
(gem, a knee); at other times, as in the Pcllitory, it is spiral. It is 
frequently coldurless; but, in many instances, it exhibits different 
colours. In Fuchsia and Poinciana, it is red ; in Adamia and 
Tradescantia virginica, blue ; in (Enothera and Ranunculus acris, 
yellow. 

398. Hairs, scales, teeth, or processes of different kinds are some- 
times developed on the filament. In Tradescantia virginica, or Spider- 
wort, the hairs are beautifully coloured, and moniliform (monile, a 
necklace) or necklace-like. These hairs exhibit movements of rotation 
(f 278). Such a filament is bearded or stupose (stupa, tow). At the 
base of the filament, certain glandular or scaly appendages are occa- 
sionally produced, either on its internal or external surface. These 
may be either parts of a whorl, to be afterwards noticed under the 
name of the Disk, or separate prolongations from the filament itself 
In fig. 313, a represents such a starniniferous appendage found on 

the inner side of the base of the filament, f 
which is hence called appendiculate, or some- 
times strumosc ( struma , a swelling). The pro- 
cesses noticed in the Boraginacese as modified 
petals (fig. 312 a), may be considered external 
appendages of the filaments, the stamen being 
regarded as the lamina of a petal. 

399. Filaments are usually articulated to 
the torus, and the stamen falls off after fertil- 
ization ; but in Campanula and other plants, 
they are continuous with the torus, and the 
stamen remains persistent, although in a 
withered state. Certain changes are pro- 
duced in the whorl of stamens by adhesion 
of the filaments to a greater or less extent, 
while the anthers remain free, thus, all the 'filaments of the An- 
droecium may unite, forming a tube round the pistil (Hg. 307 e), or 

Fit?. 312.— Stamen of Borago officinalis, a App-mlu ulato filament a , Appendage prolonged 
in the form of a horn-like process. I . Lobes ot the anther 
Fiff 313— Stamen of Zj gophylluni Fub.igo filament, connected with a broad scaly ap- 

pend^p, a. 
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a central bundle when the pistil is abortive (fig. 314, 1), the stamens 
becoming monadelphous (poison one, and dfox<p6$, brother), as occurs 
in Geranium (fig. 307), Malva, Hibiscus, and Jatropha Curcas (fig. 
314, 1); or they may unite so as to form two bundles, the stamens 
being diadelphous , (o/V, twice), as in Polygala, Fumaria, and Pea; in 
this case the bundles may be equal or unequal. It frequently happens, 
especially in Papilionaceous flowers, that out of ten stamens, nine are 
united by their filaments, while one (the posterior one) is free. When 
filaments form three or more bundles, the stamens are triadelphous 
{rnug y three), as in Hypericum segyptiacum (fig. 315), or polyadelphous 
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(ro?u>f, many), as in Luhea paniculata (fig. 310, 1), or in Rieinus 
communis (fig. 317, 1). The union of the filaments takes place some- 
times at the base only, as in Tamarix gallica (fig. 311) ; at other times 
it extends throughout their whole length, so that the bundles assume 
a columnar form. In certain cases, the cohesion extends to near the 
apex, forming what Mirbel calls an androphore (dvri male or stamen, 
and <poge<i>, I bear,), or a column which divides into terminal branches, 
each bearing an anther (fig 315, f c). Occasionally some filaments are, 
united higher up than others, and thus a kind of compound branching 

Fig 314.— Mule or stain in iferous flowet (1), and female or pistillifcrous flower (2), of Jatropha 
Curcas c, CaH x p , Corolla, e , Stamens united by filaments occupying the centie In flower 1, 
m consequence of the suppicssion of the pistil, p, lfislil m flower 2, composed of ovary, o, with 
three biinl styles at its summit a. Small glandular appendages alternating with the divisions 
ol the corolla Above each of the floweis is a diagram lepresenting the older m which the dil- 
igent parts of ’lie flow* - are .rni.’-' ! In dlagiam 1 aie represented live parts ot the calyx, 
live of the eoiolla, two low >-<■.- • five m each In diagram 2, the starainal rows aie aboi- 

tive, and there me three carpels, forming the pistil, a the centie. 

Fig. 3b*> - Triadelphous stamens of llyperlemn a*gj ptineum sunounding the pistil, o, f /, 
United filaments forming columns, re, Antheis, fiee. The outei envelope ot the flower lias 
been lemoved, Lhe essential organs alone being left. 



202 


BSBBUTIiX ORGANS. — tST AMEN S. 


is produced (fig. 317, 2). In Pancratium, the filaments are united by 
a membrane, which may be considered as corresponding to the crown 
of Narcissus. 
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400. Filaments sometimes are united with the pistil, forming a 
columna or column, as in Stylidium, Asclepiadacese, liafflesia, and Or- 
chidaceee. The column is called gynostemiuni (yvvrj, pistil, and ary/xu*, 
stamen), and the flowers are denominated gynandrous (ynwj, pistil, and 
dvn^ male or stamen.) 

401. In the case of certain Achlamydeous 351) flowers, as 
Euphorbia, with only one stamen developed, there is the appearance 
of a jointed filament bearing one anther. This, however, is not a true 
filament, but a peduncle with a single stamen attached to it, as proved 
by the fact, that in some species of Euphorbia one or more verticils are 
produced at the joint. Thus the so-called anther is in reality a single 
flower supported on a stalk, all the parts being abortive, except a 
solitary stamen. 

402. The Anther corresponds to the blade of the leaf, and consists 
of lobes or cavities containing minute powdery matter, called pollen , 
which, when mature, is discharged by a fissure or opening of some 
sort. The anther-lobes may be considered as formed by the two halves 
of the lamina, their back corresponding to the under surface, and their 
face to the upper surface, united by the midrib, the pollen being 
cellular tissue, and the fissure of the anther taking place at the margin, 
which, however, is often turned towards the face. In this view, the 
two cavities which are found to exist in each lobe, may correspond 
with the upper and under layer of cells, separated by a septum 
equivalent to the fibro-vascular layer of the leaf. Others view the 

Fig. 816.— 1 Flower of Luhea paniculate, cccc , Segments of calyx, p p, Petals, t e, Sta- 
mens grouped In bundles, which alternate with the petals, s , Stigma, composed of fire parts, 
indicating the union of five carpels. 2. One of the staminal bundles magnified, showing ail the 
filaments united into a single mass at the base, but separating superiorly, /a, The larger in- 
ternal filaments, each ending in an anther. /«, The shorter outer ones, sterile and abortive. 

Fig. 817—1, Male flower of Ricinus communis, or Castor oil plant, consisting of a calyx, c, 
composed of five reflexed sepals, and of stamens, e, united by their filaments so as to form many 
bunnies, thus being polyadelphous. 2. One of the stamina! bundles,/, brandling above, so as to 
leave the anthers free and separata. 
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anther as formed by each half of the lamina being folded upon itself, 
so that the outer surface of both face and back corresponds to the 
lower side of the leaf, and the septum dividing each cavity into two is 
formed by the upper surfaces of the folded half united. 

403. There is a double covering of the anther — the outer, or exo- 
thecium (*£*>, outwards, and a covering), resembles the epider- 

mis, and often presents stomata and projections of different kinds (fig. 
318 c e)\ the inner, or endothecium (eytiov, 
within), is formed by a layer or layers of 
fibro-cellular tissue (fig. 318 c/), the cells 
of which have a spiral (fig. 23), annular (fig. 

24), or reticulated (fig. 25) fibre in their in- 
terior. This internal lining varies in thick- 
ness, generally becoming thinner towards the 
part where the anther opens, and there disappears entirely. The 
membrane of the cells is frequently absorbed, so that when the anther 
attains maturity the fibres are alone left, and these by their elasticity 
assist in discharging the pollen. 

404. The anther is developed before the filament, and is always 
sessile in the first instance. In many examples it continues perma- 
nently so. It appears in the form of a small cellular projection, con- 
taining a mass of mucilaginous cells (fig. 319). In the progress of 
growth, certain grooves and markings appear on its surface, and its 
interior becomes hollowed out into two marked cavities, containing 
a mucilaginous matter (figs. 320, 321). In these cavities cells make 
their appearance — the outer small (figs. 320, 321, c p\ forming 
ultimately the endothecium (fig. 318 c /) ; the interior layer forming 
cells in which the pollen is produced (figs. 320, 321, u p ). As the 
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cavities become larger, the layer of cells (figs, 320, 821, c i), between 


Fig. 818.—' Transverse section of a portion of the covering of the anther of Cobaca scandena at 
the period of dehiscence, c e, Exothecium, or external layer, consisting of epidermal cell* cf, 
Endothecium, or Inner layer, composed of spiral cells or inenchyma. 

Fig. 319.— Transverse section of an anther of Cucurbita Pepo, or Gourd, taken from a bud about 
two millimetres, or l-12th otan English inch, In length. 

Fig. 320 —Similar horizontal section from a bud In a more advanced state, e e. Outer layer 
of cellules ( Exothecium ) forming the epidermis, c *, Intermediate layer of cellules In several 
layers, most of which are ultimately absorbed, c p, Internal layer of cells ( Endothectum ). up, 
Anther-cavities filled with large cells, which constitute the first state of the pollen-utricles. 
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the endothecium, c p , and exothecium, c e> is gradually absorbed more 
or less completely, forming at first septa in the cavities ; and ultimately 
the anther assumes its mature form, consisting of two lobes with their 
membranous coverings (fig. 322, l). 



V 



405. In the young state there are usually four cavities produced, 
two for each anther-lobe, separated by the connective , and each divided 
by the septum, which sometimes remains permanently complete, and 
thus forms a quadrilocular ( quatuor , four, and loculus , a pouch or box), 



or tetrathecal (tIt^, four, and 0y}Kyj t 
a sac) anther. The four cavities 
are sometimes placed in apposition, 
as in Poranthera (fig. 323) and 
Tetratheca juncea (fig. 324), and at 
other times two are placed above 
and two below, as in Persea gratis- 
sima (fig. 325 l l). In general, 
however, only two cavities remain 
in the anther, in consequence of the 
more or less complete removal of 
the septum, in which case the anther 
is said to be bilocular (bis, twice), 
or dithecal (d<V, twice), as seen in 
figs. 322, 326. Sometimes the 
anther has a single cavity, and be- 
comes unilocular (unus, one), or 


Vlg. 321.— Similar section in a still more advanced state. The letters have the same meauing 
as m thelast figure. 

Ftg 322. — Anther of the Almond-tiee \ Seen m front. ".Seen behind. / j\ Filament at- 
tached to the connective, c, by a point 1 1, Anthei -lobes containing pollen 

Fig 323 .— Quadrilocular anthei, ot Porantlicia, attached to the filament, /*, and opening at 
the summit by four pores, p 

Fig. 324 .— Quadrilocular anther of Tetratheca juneea. 1 The anther entiie, with Its four 
loculmnents ending in one opening. 2. Anthei cut trail h\ ei sely, shewing the four loculanients. 

Fig. 325.— Anther of Persea gratissima, composed ot tour cavities or loculaments, 1 1, united 
in pairs, one above the other, and opening each by a valve, v . At the base of the filament, /, are 
two glandljjBtf, which seem to be abortive stamens. 
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monothecal (povo$, one), either by the disappearance of the partition 
between the two lobes, or by the abortion of one of its lobes, as in 
Styphelia lseta (fig. 327), and 
Althaea officinalis (tig. 328). Oc- 
casionally, there are numerous 
cavities in the anther, as in Vis- 
cum and Raifiesia. The number 
of loculi or cavities is only seen 
when the anther opens. 

400. The form of the anther- 
lobes varies. They are generally 
of a more or less oval or elliptical 
form (figs. 322, 329 l). Some- 
times they are globular, as in 
Mercurialis annua (fig. 326); at 
other times linear or elavate (fig. 

330), curved (fig. 331), Uexuose, > 
sinuose, or anfractuose ( anfractus , 
winding), as in Bryony and Gourd (fig. 332). The lobes of the 
anther arc sometimes in contact throughout their whole length 
(fig. 329), at other times they are separate (figs. 326, 333). In 
the former case their extremities may be rounded, forming a cordate 
anther (fig. 322), or the apex may be acute (figs. 312, 313); in the 
latter case the lobes may divide at the base only, and end in a 
sagittate or arrow-like manner (fig. 334 l ) ; or at the apex, so as to 
be bifurcate or forked (fig. 335 p) ; or quadrifurcate, doubly forked 
(6g. 336 /) ; or at both base and apex, so as to be forked at each 
extremity, as in Grasses (fig. 337). The cavities of the anther are 
occasionally elongated so as to end in points (fig. 336 l). Sometimes 
the lower part of the anthcrine cavities is obliterated, and they de- 
generate into flattened appendages (fig. 338 a). It happens at times 
that the surface of the anther presents excrescences in the form of 
warts, awl-shaped pointed bodies (fig. 335 a), or crests (fig. 339 a). 

407. That part of the anther to which the filament is attached, and 
which is generally towards the petals, is the back , the opposite being 
the face. The division between the lobes is marked on the face of the 
anther by a groove or furrow , and there is usually on the face, a suture y 
indicating the line where the membranous coverings open to discharge 
the pollen. The suture is often towards one side in consequence of 
the valves being unequal, 

408. The anther- lobes are united either by a direct prolongation ot 



Fig. 326.— Pendulous anther lobes, 1 1 , of Mercurialis annua, supported on the filament,.^ and 
united by the connective, c. 

Fig 327 —Unilocular or monothecal anther of Styphelia laeta, one of the Epacridacese, seen in 
front, and behind, /, Filament. I , Anther. ... . . . .. 

Fig 328.— Unilocular anther 6S Althaea officinalis, or Marsh mallow. One of the lobes of the 
anther, abortive. /, Filament, 
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the filament, or more generally by a body called the connective, con- 
sisting of a mass of cellular tissue different from that contained in the 
filament In this tissue the spiral vessels of the latter terminate. 
From the connective a partition or septum extends across each antherine 


839 830 331 .332 333 334 



loculus, dividing it either partially or completely. The septum some- 
times reaches the suture. When the filament is continuous with the 
connective, and is prolonged so that the anther-lobes appear to be 
united to it throughout their whole length, and lie in apposition and 


Fig. 829. — Adnate or adherent anther of Begonia znanicata, opening by longitudinal dehiscence 
1, Anther-lobes. /, Filament. 

Fig. 330.— Forked or bifurcate anther, ?, of Acalypha alopecuroidea, In the expanded flower. 

Fig. 831.— Same anther in the bud, exhibiting a curved form. 

Fig. 882.— Sinuous anther, i, of Bryonia dioica. /, Filament 

Fig. 833.— Anther of Salvia officinalis. If, Fertile lobe full of pollen. I #, Barren lobe without 
pollen, e, Distractlle connective. 

Fig. 834.— Anther of Nerium Oleander, with its lobes, 1 1 , sagittate at the base, and ending at 
the ^pex in a long feathery prolongation. 

Fig. 335.— Anther, l, of Vaccinium uliginosum. 1, Lobes ending in two pointed extremities, 
which open by pores, a, Appendages to the lobes. 

Fig. 336. — Quadri furcate anther of Gualtheria procumbens. f, Lobes ending in four points. 

Fig. 387.— Versatile anther of Poa compressa. /, Filament L, Lobes separating at each end. 

Fig. 388.— Anther, l, of Erica cinerea. /, Filament r, Lobes split partially downwards, a. 
Scale-like prolongations at the base. 

Fig. 839.— Anther of Pterandra pyroidea. 1. Entire anther, seen laterally. 2. Lower half 
after having been cut transversely, a a a, Antherine appendages. I J, Anther-lofcea c c, Con- 
nective. 
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on either side of it, the anther is said to be adnate or adherent (fig. 
829) ; when the filament ends at the base of the anther, then the 
latter is innate or erect * In these cases the anther is to a greater or 
less degree fixed. When, however, the attachment is very narrow, 
and an articulation exists, the anthers are then moveable, and easily 
turned by the wind. This is well seen* in what are called versatile 
(vertOy I turn) anthers, as in Tritonia, Grasses, &c. (figs. 260, 887), 
where the filament is attached only to the middle of the connective ; 
and it may occur also in cases where it is attached to the apex, as 
in pendulous anthers (fig. 340). 

409. The connective may unite the anther-lobes completely, or only 
partially. It is sometimes very short, and is reduced to a mere point, 
(fig. 326), so that the lobes are separate or free. At other times it 
is prolonged upwards beyond the lobes in the form of a point, as in 
Acalypha (fig. 331 c); or of a feathery awn, as in Nerium Oleander 
(fig. 334) ; or of a conical or tongue-like process (figs 341, 342 c ) ; or 
of a membranous expansion (fig. 343 c) ; or it is extended backwards 



and downwards in the form of a spur, as in fig. 343 a ; or downwards, 
as m the case of the flaky appendage in Ticorea febrifuga. In Salvia 
officinalis (fig. 333), the connective is attached to the filament in a 
horizontal manner, so as to separate the two anther-lobes, and then 
i is called distractile ( dis , separate, and traho , I draw). In Stacbvs 
the connective is expanded laterally, so as to unite the bases of the 
anthenne lobes, and bring tljem into a horizontal line. 

410. The opening of the anthers to discharge their contents is 
denominated dehiscence ( dehisco , I open). This takes place either by 


18 ** u»e 

Humlria balsamifera. I Z, Anther lobes, /, Filament, dilated or fringed 
^ C Vtvr«tf!nfrn ap ?? n ^ a ^ e ’ , which 8661,18 to 1)6 » prolongation of the connective. 
loSaffh'r^mit Ucomeulata. / Filament. \ Anther-lobes. The empty 

lobes at the summit are detached In the form of two small horn-like projections c, A llnguiform 
or tongue-like appendage prolonged from P J * * 
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clefts, by hinges, or by pores. When the anther-lobes are erect, the 
cleft takes place lengthwise along the line of the suture, constituting 
longitudinal dehiscence (figs. 322, 329, 342). At other times, the slit 
takes place in a horizontal manner, from the connective to the side, as 
in Alchemilla arvensis, and in Lemna, where the dehiscence is trans- 
verse . When the anther-lobes are rendered horizontal by the enlarge- 
ment of the connective (figs. 328, 344 a q), then what is really longi- 
tudinal dehiscence may appear to be transverse. 
In other cases (fig. 344 a g ), when the lobes are 
united at the base, the fissure in each of them 
may be continuous, and the two lobes may appear 
as one. 

411. The cleft does not always proceed the 
whole length of the anther-lobe at once, but 
often for a time it extends only partially (figs. 
343, 2, 338). In other instances the opening is 
confined to the base or apex, each loculament 
(loculus) opening by a single pore, as in Pyrola 
(fig. 340), Yaccinium (fig. 335), and Solanum, 
where there are two, and Poranthera (fig. 323), 
where there are four. In Tetratheca juncea, the four cavities (fig. 
324, 2) open into a single pore at the apex (fig. 334, 1) , and in the 
Mistleto, the anther has numerous pores for the discharge of the 
pollen. Another mode of dehiscence is called hinged. In the Barberry, 
each lobe opens by a valve on the outer side of the suture, separately 
rolling up from base to apex ; while in some of the Laurel tribe (fig. 
325 v ), there are two such separating valves for each lobe, or four 
in all. This may be called a combination of transverse and hinged 
dehiscence. In some Guttiferuo, as Hebradendron cambogioides (the 
Gamboge plant), the anther opens by a lid separating from the apex, 
or by what is called circumscissile ( circum , around, and scindo , I cut) 
dehiscence. In the last-mentioned dehiscence, the anther may be 
considered as formed of jointed leaves like those of the Orange, the 
blades of which separate at the joint, 

412. The anthers open at various periods of flowering ; sometimes 
in the bud, but more commonly when the pistil is fully developed, and 
the flower is expanded. They either open simultaneously or in suc- 
cession. In the latter case, individual stamens may move towards the 
pistil and discharge their contents, as in Parnassia palustris, or the 
out#: or the inner stamens may open first, following thus a centri- 
petal or centrifugal order. The anthers are called irdrorse (introrsum, 
inwardly), or anticce (anticus, the fore part), when they open on the 

Fig. 344 —Corolla of Digitalis purpurea, cut in order to show the didynamous stamen® (two 
long and two shoit) which are attached to it. t , Tube. /, Filaments which are united to the ' 
corolla at t, and run along its inner surface, having iormed a marked adhesion## g % Anthers 
of the long stamens, a q, Anthers of the shoit stamens. 
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surface next to the centre of the flower (flg. 345) ; 
extrorsum , outwardly), or posticce ( posticus , behind), 
on the outer surface ; when they open on the sides, 
as in Iris, and some grasses, they are called laterally 
dehiscent (flg. 337). Sometimes anthers originally 
introrse, from their versatile nature, become extrorse, 
as in the Passion-flower and Oxalis. The attachment 
of the filament either on the outer or inner side, and 
the position of the anther in the young state, assist in 
determining the direction of the dehiscence when the 
anthers open by pores, or are versatile. 

413. The usual colour of anthers is yellow, but they 
present a great vaiiety in this respect. They are red 


they are extrorse 
when they open 



in the Peach, dark purple in the Poppy and Tulip, orange in Esch- 
scholtzia, &c. The colour and appearance of the anthers often change 
after they have discharged their functions. 


414. Sometimes a flower consists of a single stamen, as already 
stated in regard to Euphorbia (H 401). It is said also, that in the 
Conifers, as in the Fir, and in the Cycadaceae, the stamens are to be 
regarded as single male flowers, supported on scales ; being either a 
single stamen with bilocular anthers, as in Pinus, or unilocular, as in 
Abies, or several stamens united in an androphore, as in Taxus. 

415. Stamens occasionally become sterile by the degeneration or 
non-development of the anthers, which, in consequence of containing 
pollen, are essential for fertilization ; such stamens 


receive the name of stwninodia , or rudimentary stamens. 

In Scruphularia (fig. 3 1C), the fifth stamen, $, appears 

in the lbrin of a scale; and in many Pentstemons it is 

reduced to a filament with hairs, or a shrivelled mem- J 

branc at the apex. In other cases, as in double flowers, 

the stamens are converted into petals. In Persea §;!{( ) 

gratis, sima (fig. 325), two glands, //, are produced at the 

base of the filament in the form of stamens, the anthers >jk / 

of which are abortive. Sometimes only one of the / 

anther-lobes becomes abortive. In many unilocular | ( 

anthers, the non-development of one lobe is indicated 

by the lateral productioryrf a cellular mass resembling the connective. 

in Salvias, where the connective is distractile, one of the lobes only is 

perfect or fertile (fig. 333 If ), containing pollen, the other (fig. 333 

/ s) is imperfectly developt*l and sterile. In Ganna, in place of one 

of the lobes, a petaloid appendage is produced. 


^ 4 ‘‘hadynamous stamens (two long and two short) of Cheiranthus Chofil. p, Top 
f too port undo t, Cicatnees left by the sepals of calyx wlueh li.ru* been leinovcd eg, Two 
pairs ot long stamens, e p. The short stamens. Torus or tlmlamus to which the stamen# are 
attached ’ 

fomuif a' seated * ? ** ular coro ^ a Scrophulana with a stamuiocbain. s, or abortive stamen in the 
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416. It has been already stated, that the term nectary has been 
sometimes applied to modified stamens presenting abnormal appear- 
ances. Thus, in Parnassia palustris, the so-called nectaries are clusters 
of abnormal stamens (fig. 304 n), united by a mem- 
brane at the base, and ending in glandular bodies 
like anthers. Staminodia were also called nectaries 
(fig. 346 s). When treating of the disk, other modi- 
fications of stamens will be considered, 

417. The stamens, in place of being free and sepa- 
rate, may become united by their filaments 399). 
They may also unite by their anthers, and become 
syngenesious or synantherous (ovv, together, and yevwtf, 
origin, or anther). This union occurs in 

Composite flowers, and in Lobelia, Jasione, Viola, &c. 

418. Stamens vary in length as regards the corolla. Some are 
enclosed within the tube of the flower, as in Cinchona, and are called 
included (figs. 287. 288, 344) ; others are exserted , or extend beyond 
the flower, as in Littorella, Plantago, and Exostemma. Sometimes 
the stamens in the early state of the flower project beyond the petals, 
and in the progress of growth become included, as in Geranium stria- 
tum (fig. 347). Stamens also vary in their relative lengths as respects 
each other. When there is more than one row or whorl of stamens 
in a flower, those on the outside are sometimes longest, as in Rosace© 
(fig. 308) ; at other times those in the interior, as in Luhea (fig. 316, 
2 fa). When the stamens are in two rows, those opposite the petals 
are usually shorter than those which alternate with the petals. 

419. It sometimes happens that a single stamen is longer than all 
the rest. In some cases there exists a definite relation, as regards 
number, between the long and the short stamens. Thus, some flowers 
are didynamcm (hlg, twice, and ovuapcig, power or superiority), having 
only four out of five stamens developed, and the two corresponding to 
the upper part of the flower longer than the two lateral ones. This 
occurs in Labiatae and Scrophulariaceae (figs. 344, 346). Again, in 
other cases there are six stamens, whereof four long ones are arranged 
in pairs opposite to each other, and alternate with two isolated short 
ones (fig. 345), and give rise to telradynamous (repots, four, and 

power or superiority) flowers, as in Qrucifer®. 

420. Stamens, as regards their direction, may be erect, turned in- 
wards, outwards, or to one side. In the last-mentioned case they are 
called decimate ( declino , I bend to one sicte), as in Amaryllis, Horse- 
chestnut, and Fraxinella. 

421. The Pollen. — The pollen or powdery matter contained in the 
anther, consists of small cells developed in the interior of other cells. 

Fist- 847.— Bud of polypetaloos corolla of Geranium striatum, exhibiting the ^fcmens, e e, at 
tint longer than the petals, p p. 
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The cavities formed in the anther (fig. 321), are surrounded by a 
fibro-cellular envelope, c and within this are produced large cells, 
u p, containing a granular mass (fig 348, 1), which divides into four 
minute cells (fig. 348, 2), around which a membrane is developed, 
so that the original cell, or the parent poUm-utricle, becomes resolved 
by a merismatic division (^f 24) into four parts (fig. 348, 3), each of 
which forms a granule of pollen. The four cells continue to increase 
(fig. 348, 4), distending the parent cell, and ultimately causing its 
absorption and disappearance. They then assume the form of perfect 
pollen grains, and either remain united in fours or multiples of four, 
as in some Acacias, Periploca grseca (fig. 349), and Inga anomala (fig. 
354), or separate into individual grains (fig. 348, 5), which by degrees 
become mature pollen, (figs. 348, 6, 351, 352). In Acacia ringens, 



313 351 852 


there are eight pollen-grains united ; in Acacia decipiens, twelve ; and 
in Acacia linearis, sixteen. Occasionally the membrane of the parent 
pollen-cell is not completely absorbed, and traces of it are detected in 
a viscous matter, surrounding the pollen-grains, as in Onagrariaceae. 
In Orchidaceous plants, the pollen-grains are united into masses or 

Fig. 348.— Development of the pollen of Vi scum album, or tho Mlstleto. L Two pollen-cells 
or pollinary utricles filled with granular matter. 2. Four nuclei produced in this matter 6 
fc*?paratlon into four masses, each corresponding to a nucleus or a new utricle. 4. Pollenlc or 
polUnary utricle containing three separate vesicles in its anterior. 6. Two of the latter, or the 
young pollen-grains, removed from the mother-cell or utricle. 6. Tho grains of pollen in their 
perfect state. 

Fig. 849.— Pollen of Periploca grseca, showing four grains agglutinated together. 

Fig. 850. — Patten of Inga anomala. The grains united in multiples of four. 

Fig. 35L— Pollen-grain showing the extine covered with small punctuation*. 

Fig. 852.— Pollen-grain with the extine covered with granulation* 
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pollinia , by means of viscid matter. In Asclepiadaceae (fig. 353), die 
pollinia, p seem to have a special cellular covering, derived from a 
layer of reproductive pollen-cells, or from the endothecium. Pollinia 
in different plants vary from two to eight. Thus, there are usually 
two in Orchis, four in Cattleya, and eight in Lseliu. 
The two pollinia in Orchis Morio, according to 
Amici, contain each about 200 secondary smal- 
ler masses. These small masses, when bruised, 
divide into grains which are united in fours. In 
Orchids, each of the pollen-masses has a prolonga- 
tion or stalk, called a caudicle (cauda a tail), which 
often adheres to a prolongation at the base of the 
anther, called rostdlam ( rostdlum , a beak), by 
means of a viscid tenacious matter secreted by 
cells, and denominated ictiaacula , ( retinaculum , a 
band or rein). Lindley considers the caudicle as 
derived from the stigma, and not from the pollinary 
tissue. The term dinandnm (rMv/i, a bod, and u»r,n, a stamen), is 
sometimes applied to the pait of the column in Oichids, where the 
stamens arc situated. 

422. When mature, the poIVn-gmin is a cellular body having an 
external covering, extine (exto, L stand out, or on the outside), and 
an internal, inline ( intns , within). Fnfzschc states that he has detected, 
in some cases, other two coverings, which he calls intexhne and exintine. 
They occur between the extinc and intine, and are probably formed 
by foldings of these membranes. In some aquatics, as Zostera marina, 
Zannichellia pedunculata, Naias minor, &c., only one covering exists, 
and that is said to be the intine. The extine is a firm membrane, 
which defines the figure of the pollen-grain, and gives colour to it. It 
is either smooth or covered with nuineious projections, granules, points, 




Fig. 333.— Flower of AbcIh^’s. shorn’ or pollen-masses, ?>, attached to the stigma 

Fiif 354.— rollcn-gi mn ot PassifloKi . 1 1 ■ o o o, Open-ilia 01 lids formed by the cx- 

tine, which open to allow the protmslo ■ the form of pollen-tubes 

Fig. 355.- I’nivn grain of C’ior Nta l*epo, or Gouid, at the moment of its dehiscence or i up. 
ture 0 o , <»JW mill. n: !■ '•* ; .u .* *d fiom the extine by the protiusion of the poffen-tubes, 1 1. 

Fig, 35G -rollen-graln of lpomcca, with a reticulated exime. 





ESSENTIAL ORGANS.— POLLEN. 


213 s 


minute hairs, or crested reticulations (fig. 356). The colour is generally 
yellow, and the surface is often covered with a viscid or oily matter. 
The intine is uniform in different kinds of pollen, thin and transparent, 
and possesses great power of extension. It is said to be the first 
envelope formed, the other being subsequently deposited while enclosed 
in the parent cell. 

423. Within these coverings ^ granular semifluid matter called 
fo villa , is contained, along with some oily particles, and occasionally 


starch. The fovilla contains small sphe- 
rical granules, sometimes the o o °* 
an inch in diameter (fig. 357), and larger 
ellipsoidal or elongated corpuscles (fig. 
358), which are said to exhibit move- 
ments under the microscope similar to 
those seen in some Infusoria, and in 
some Algre, to be afterwards noticed. 



These molecular movements cease long 

before maturation, except in Zostera marina and some other plants 
424. Poll on -grains vary from to 7< \ (T of an inch or less in dia- 
meter. Their forms are various. Ihe most common form of grain is 


ellipsoidal (figs. 358, 359), more or less narrow at the extremities, 
which are called its poles, in contradistinction to aline at e ) equidistant 
from either extremity, and which is its equator. In figs. 359, 300, 
] and 2, the two surfaces of the pollen-grains of Allium fistulosum 
and Convolvulus tricolor are represented with their poles, p, their 
equator, e, and the longitudinal folds in their membrane; while at 3, 



are shown transverse sections at the equators, with a single fold in one 
case, and three folds in the other. Pollen-grains are also of a spherical, 
triangular, trigonal (fig. 362), or polyhedral figure (fig. 364). In the 
latter case, when there are markings on their surface, those at the 

Fig. 357 — Pollen-gimn of Amygdala nana, the intine or internal membrane of which is pro- 
ti tiding at three poies under the form ot .is many arnpullte or sees, t t t One of these is open at 
the extremity, ami fiotn it is diselui ged the fovilla /, compos d of variously-sized giamiles. 

Fig 858,— JLnige gmnules of fovilla of Ilibi.m us palustiis. 

Fig. 859 —Pollen of Allium fistulosum Pole e, Equator. 1 Follen-gruln seen on the face. 
2. On the opposite side or back 3. Transveiso section through its eqnatoiial line 

Fig 300 —Pollen of Convolvulus tricolor. The letters and numbers have the same signification 
as In fig. 359. 
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poles, j?, sometimes differ from those at the equator, e. In Tradescantia 
virginica, the pollen is cylindrical, and becomes curved ; it is polyhedral 
in Dipsaceae and Composite ; nearly triangular in Proteaceae and 
Onagrariace®. The surface of the pollen-grain is either uniform and 



homogeneous, or it is marked by folds dipping in towards the centre, 
and formed by thinnings of the membrane. In Endogenous plants 
there is usually a single fold (fig. 359) ; in Exogens, often three (fig. 
360). Two, four, six, and even twelve folds are also met with. 

425. There are also pores or rounded portions of the membrane 
visible in the pollen -grain. These vary in number from one to fifty. 

In Endogens, as in Grasses, there is often only 
one (fig. 365) ; while in Exogens, they number 
from three upwards. When numerous, the 
pores are either scattered irregularly (fig. 366), 
366 or in a regular order, frequently forming a 
circle round the equatorial surface (fig. 361). 
Sometimes at the place where the pores exist, 
the outer membrane, in place of being thin and 
transparent, is separated in the form of a lid, 
thus becoming operculate ( operculum , a lid), as 
in the Passion-flower (fig. 354) and Gourd (fig. 
355). Grains of pollen have sometimes both 
folds and pores. There may be a single pore 
in each fold, either in the middle (fig. 367), or 
at the extremities; or folds with pores may 
alternate with others without pores ; or finally, the pores and folds 
may be separate. 

Fig. 361. — Grain of pollen of Cannabis sativa, or common Hemp, e, Equator, p p, Poles. 

Fig. 361— Pollen -grain of (Enotlicra biennia entire, with three angles, where tubes are pro- 
duced. 

Fig. 868, — The same, with one of its angles giving origin to a pollen-tube, which is formed by 
the inline. When the tube protrudes, the extine is ruptured. 

Fig. 864 — Polyhedral pollen-grain of Cichorium Intybus, or Chicory 

Fig. 365. -Pollen-grain of Dactylls glomerate, or Cocks-foot grass. 

Fig. 366.— Pollen-grain of Fumaria capreolata. 

Fig. 867.— Grain of pollen of Lythrum Sallcaria, showing six folds, three of which are per- 
forated by a pore in their middle, and three alternating with them have no pores, pp , Polesi 
e e. Equator. 1. The grain in a dry state, 2. The grain swollen In water, so as to take a globular 
form and display Its folds. The intlne or internal membrane begins to protrude through the pores. 
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426 . The form of the pollen-grains is much altered by the applica- 
tion of moisture. Thus, in fig. 367, 1, the pollen grain of Ly thrum 
Salicaria, when dry, has an ellipsoidal form, but when swollen by the 
application of water, it assumes a globular form (fig. 367, 2). This 
change of form is due to endosmose, and depends on the fovilla being 
denser than the water. If the grains are retained in water, the disten- 
sion becomes so great as to rupture the extine irregularly if it is 
homogeneous, or to cause projections and final rupture at the rolds or 
pores when they exist. The intine, from its distensibility, is not so 
liable to rupture, and it is often forced through the ruptured extine, 
or through the pores, in the form of small tac-like projections (figs. 
867, 2, 362). This effect is produced more fully by adding a little nitric 
acid to the water. The internal membrane ultimately gives way, and 
allows the granular fovilla to escape (fig. 357 /). If the fluid is ap- 
plied only to one side of the pollen-grain, as when the pollen is applied 
to the pistil, the distension goes on more slowly, and the intine is pro- 
longed outwards like a hernia, and forms an elongated tube called a 
pollen-tube (fig. 363). This tube, at its base, is often covered by the 
ruptured extine, and probably also by some of the coverings mentioned 
by Fritzsche as intervening between it and the intine. It contains in its 
interior fovilla-granules, and its functions will be particularly noticed 
under fertilization. The number of pollen-tubes which may be pro- 
duced depends on the number of pores. In some pollinia, the number 
of tubes which are found is enormous. Thus, Amici calculates that 
the two pollen-masses of Orchis Morio may give out 120,000 tubes. 

427. In Cryptogam i c Plant* there are certain 

organs which are supposed by some to be equiva- HHHH 
lent to stamens. On that account they were |j || 

denominated by Hedwig antheridia , by others 

pcdlinaria . They consist of closed sacs of different • 

forms, rounded, ovate, oblong, clavate, flask-like, HB * I 

&c., developed in different parts of the plants, 

containing a number of corpuscles immersed in ^B^BB^B^I 

a mucilaginous fluid, which at a certain period 

of growth are discharged through an opening at B&BBIBBB 

the surface. Sometimes the antheridium is a 

simple cell, at other times it is composed of a 

number of cells, as in Hypnum triquetrum (fig. 

368, 1). It either appears on the surface of the 
plant, or is concealed within its tissue. An- 
theridia are sometimes confined to particular 
parts of the plant, at other times they are more 

Fig. 868.— 1. Antheridium or pollinarium, a, of a moss o&lled Hypnum triquetrum, at the 
moment when its apex is rapturing to discharge the contents, /. 2. Four utricles of the contents 
containing each a pliytozoon or moving corpuscle rolled up in a circular manner 8. Single 
phytozoon separated. 



ESSENTIAL OEGANS. — THE DISK. 


generally diffused. Their contents are small utricles or cellules, vary- 
ing, ttke pollen-grains, in the different orders of cryptogamic plants, and 
\ enclosing in place of fovilla, peculiar 

bodies called phytozoa (<pvrov, a plant, 
HI and ^Z)ov, an animal) (fig. 3G8, 2), which 
Wm I are often rolled up in a circular or spiral 
9 I I^H manner, as in llepaticse and Mosses 
(fig- 3G8, 3). These exhibit active 
. • OM -movements at certain periods of their 

K HI 1 existence, and resemble in this respect 

animalcules. In Chara vulgaris (fig. 
8(h)), the antheridium or globule , as it 
gf is called, contains cells, 1, from which 
])roceed numerous septate ( septum , a 
division) tubes, t. In each of the 
divisions of these tubes, 2, there is a 
phytozoon which escapes in a spiral 
form, leaving the division empty, 3, 
369 and ultimately becomes unrolled, 4, 

exhibiting two vibratile cilia ( cihwn , an eyelash,) to which the move- 
ments are referred. 

428. The Disk. — The term disk is applied to whatever intervenes 


428. The Disk. — The term disk is applied to whatever intervenes 
r between the stamens and the pistil, and is 

°ue of those organs to which the name of 
'9 K . f nectary was applied by old authors. It pre- 

)? ' X sent* gioat vaueties of form, such as scales, 

s ffc't glands, hairs, petaloid appendages, &c., and 

^ - 0 ui the progress of growth it olteu contains 

ip! 1 ' r / / sacchai me matter, thus becoming truly nec- 
p** . - ^ _ ^ tin Herons. The degeneration and transfor- 
j \\ motion of the stamens frequently form the 
/ A s \ disk. Tt may consist of processus rising from 

1 \M X ^ ie torils ’ alternating with the stamens, and 
v V U n thus representing an abortive whorl ; or it 

ft may be opposite to the stamens, and then 

v formed by chorization 383), as in Cras- 

snla rubens (fig. 258 a). In some flowers, 
as Jatropha Cureas, in which the stamens arc not developed, their 
place is occupied by glandular bodies forming the disk (fig. 314, 2, a). 


* 


Fig. SC9.— 1 Portion of antheiidmm or globule of Chat a vultfam. Several septate or par- 
titioned tubes, t , attadied to a utuile or vehicle. A mass of similar utiicles, forming the bases 
of a large number of tubes, tills the unity ot the anthci idium 2. Extremity of one of these 
tubes, composed of seveial cellules, m eaeli of wlmli is a phjtozoon. One ot the phytozoa Is 
repiesented half detached from tlie cellule. 3 Extmmty of a tube fiom which the phytozoa 
iMfcjjfr&oaped, with the exception of the terminal cellule 4 One of the phytozoa separated. 

' T)70. Oisk, d , o e Paionia Aioutan, or Tiee Paony, covenng the ovary, and interposed bc- 

the whorl of stamens, it, and the pistil, p. 



ESSENTIAL ORGANS. — THE PISTIL. 


217 


In Oesneracess and Crucifer ee the disk consists of tooth-like scales 
at the base of the stamens (fig. 345, t). The parts forming the disk 
sometimes unite and form a glanduja/ ring, as in the Orange ; or a 
dark-red lamina covering the ptejti^as in Pasonia Moutan (fig. 370, d ) ; 
or a waxy lining of the calyx /ube, as in the Rose (fig. 270 C t )*; or a 
swelling at the top of the ovaty, as in Umbellifcra. ^ j* ' 

429. Tfce Pistil — The pistil occupies the centre or axis of th^fewer, 
and is surrounded by the stamens and floral envelopes, whjed^tkese 
are present. It constitutes the innermost whorl, ^nd is, the female 
organ of the plant, which after flowering is changed i^to the rariit, and 
contains the seeds. It sometimes receives the name^of hynceciuik (ywy, 
pistil, and oWgk, habitation). It consists ess<*hiia^ ot\ two parts, the 
ovary or germen, containing ovules or young seeds^aiuf the stigma , a 
cellular secreting body, which is either seated immediacy on the ovary, 
and is then called sessile, as in the Tulip and Poppy, (nfe. 409), or is 
elevated on a stalk called the style , interposed between the ovary and 
stigma. The style is not necessary for the perfection of the pistil. 
Sometimes it becomes blended with other parts, as with the filaments 
of the anthers in the column of Orchidaccm. 

430. Like the other organs, the pistil consists of one or more modi- 
fied leaves, which in this instance are called carpels (Kct^voc, fruit). 
The analogy of carpels to leaves may be deduced from their similarity 
in texture, and in venation, from the presence of stomata, hairs, and 
glands ; from their resemblance to leaves in their nascent state ; from 
their occasional conversion into true leaves, as in Lathyrus lalifolius ; 
and from the ovules corresponding in situation to the germs or buds 
found in some leaves, as those of Bryophyllum calycinum. When a 
pistil consists of a single carpel it is simple , a state usually depending 
on the non-development of other carpels, ; when it is composed of 
several carpels, more or less united, it is compound . In the first- 
mentioned case, the terms carpel and pistil are 
synonymous. Each carpel has its own ovary, style 
(when present), and stigma, and is formed by a 
folded leaf, the upper surface of which is turned in- 
wards towards the axis, and the lower outwards ; 
while at its margins are developed one or more buds 
called ovules. That this is the true nature of the pistil 
may be seen by examining the flower of the double- 
flowering Cherry. In it no fruit is produced, and the 
pistil consists usually of sessile leaves (fig. 371), the 
limb of each being green and folded, with a narrow' 
prolongation upwards, s , as if from the midrib, n , and 

871* — Carpellary loaf of the doul de-flow enng Chei ly. Jn this plant the pistil Is composed 
distinctly of one or more leaves folded inwards. /, Lamina or blade ot the leaf ot carpel a, Pro- 
longation of the midilb, «, representing the style, and ending in a circular thickened portion 
cuui valent to the stigma. 
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ending in a thickened portion. When the single-dowering Cherry is 
examined, it is found that, in place of folded leaves, there is a single 
body (figs, 372, 373), the lower part of which is enlarged, forming the 
££ j ovary, o, and containing a single ovule, g, 

S Tf attached to its w r alls, with a bundle of vessels, fn, 
J HI entering it, a cylindrical prolongation, t, forming 

jjfyh f HI the style, and a terminal expansion, s, the stigma. 

fjj * /J It will be seen that in this case two carpellary 

if III leaves have become succulent and have united 

J A /J\ c together, so as to form a compound pistil, with 

& \ /a\ a s * n $ e cavity containing one young seed. 

u (a\\ 431. The Ovary then represents the limb or 

d pirn -iVU/ ^ am ^ na k j .af, an( ^ composed of cellular 

2 111 £ ' l tissue with fibro-vascular bundles, and an epi- 

9 / dermalcovering. The cellular tissue, or paren- 

yi/f; chyma, often becomes much developed, as will 
^ 1 * be seen particularly when lleshy fruits are con- 

c sidered. The outer epidermis corresponds to the 

lower side of the leaf, exhibiting stomata, and sometimes hairs; the inner 
surface represents the upper side of the leaf, being usually very delicate 
and pale, and forming a layer called sometimes epithelium (Wi ? upon, and 
tender), which does not exhibit stomata. The vascular bundles 
correspond with the veins of the leafj and consist of spiral, annular, 
and other vessels. 


432. The Style has usually a cylindrical form, consists of cellular and 
vascular tissue, and when carefully examined is ibund to be traversed 
by a narrow canal (fig. 373 c), in which there are some loose project- 
ing cells (figs. 374, 375), forming what is called the conducting tissue. 
A transverse section of the style of Crown Imperial (fig. 374), shows 
three vascular bundles, v v v, corresponding to three styles which are 
united into one, and />, loose cells in the canal of the style. This 
canal is bounded by cellular tissue (fig. 375 c c), traversed by spiral 
vessels, v v, and in its interior, besides the loose cells, p p, there are, 
especially at the period of fecundation, elongated tubes, ff which in 
part fill up the canal. The name, conducting tissue, is given to that 
found in the canal of the style, on account of the part which it plays 
in conveying the influence of the pollen to the ovules, as will be ex- 
plained under fertilization. Lindley has shown that in some instances 
the style seems to derive its origin from the placenta. The presence 
of the style is by no means essential to the perfection of the pistil. It 
varies in its shape and position, being usually apicilar, but from altera - 


372.— Pistil or carpel of the singlc-floweiing Cherry In its normal state o, Ovary, t, 
firne* 9 , Stigma. 

873 —The same cut vertically, to show the central cavity of the ovary, 0 , with the ovule, 
upended fiorn its wall at a point where a bundle of noiuishing vessels, fn, terminates, t, 
le traversed by a canal, c, which runs from the stigma, s, to the cavity of the ovary. 
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tion in the direction of the central axis, it occasionally seems, to be 
lateral. Its form and appearance also varies ; under ordinary circum- 
stances it is rounded in shape, but occasionally becomes flattened. . I 11 
the species of Clematis it is furnished with hairs; in Euphorbia it 
becomes forked. 



433. The Stigma is a continuation of the cellular tissue in the centre 
of the style, and it may be either terminal, when the canal opens at 


the top only (figs. 373 s, 376, 1), or 
lateral, when the splitting of the 
canal takes place on one side (fig. 
377 s), or on both sides (fig. 378 s s). 
The stigma sometimes extends along 
the whole length of the style. In 
other instances the style is absent, 
when the stigma is said to be sessile. 
In Orchidaceous plants, it is placed 
on a part of the column called the 
gynizus (ywi pistil, and ffo, I sit). 
It is composed of ceMar tissue more 
or less lax, and often having pro- 
jecting cellules in the form of papillae 
(fig. 376, 2), or of hairs (figs. 379, 



37G 877 378 

3, 410 s), and at the period of 
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fertilization exuding a viscous fluid, which retains the grains of pollen, 
and causes the protrusion of tubes. 

434. A pistil is usually formed by more than one carpel. The 
carpels may be arranged like leaves, either at the same or nearly the 
same height in a verticil (figs. 380, 381), or at different heights in a 
spiral cycle (fig 306 c). When they remain separate and distinct, thus 
showing at once the composition of the pistil, as in Caltha, Ranun- 
culus, Hellebore, and Butomus (fig. 381), the terra apocarpus (afcxo, 
separate, and fruit) is applied. Thus, in Crassula rubens (fig. 

258), the pistil consists of five verticillate carpels, o, alternating with 
the stamens, e; and the same arrangement is seen in Xanthoxylon 
fraxineum (fig. 380). In the Tulip-tree (fig. 306), the separate car- 
pels, c c , are numerous, and arranged in a spiral cycle, upon an elon- 
gated axis or receptacle. In the Raspberry, the carpels are on a 
conical receptacle ; in the Strawberry, on a swollen succulent one ; and 
in the Rose (fig. 270 o o), on a concave one, r r, covered by the tube 
of the calyx, c t 



435. When the fruit consists of several rows of carpels on a flat 
receptacle, the innermost have their margins directed to the centre, 
while those of the outer rows are arranged on the back of the inner 
ones ; if the receptacle is convex, the outer carpels are lowest, as in 
the Strawberry ; if concave, the outer ones are uppermost, as in the 
Rose. At other times the carpels are united, as in the Pear, Arbutus, 
and Chiekweed, so that the pistil becomes syncarpous (gvv, together or 


Pig 370.— 1. Summit of the style, t, of Hibiscus palustris, dividing 1 into five branches, which 
are each terminated bv a stigma, g g. 2 One of those branches highly magnified 3. Portion of 
the surface of the ‘diema stil! nui. . “cl to show its papilla*, which arc elongated like hairs. 

Fig. 380 —Pistil (■' \.mth >\\ ■«■-! tra\i- « mi. consisting of five distinct carpels, suppoited on a 
gynophore, a. Each m the ovanes, o, bears a terminal style dilated at its extremity into a 
stigma* * The five stigmata remain f«ir n time adherent bv their sides. 

f ^.-l. Caiyels of Ihit'iinu- umM-uiu- ci-i.sisjmg <,• i,.,.ird le.i\. - apurued Indifferent 
2 Section of tN* *h:i. « ‘■how me x\ e uhc-n.ite-ii oi Hi. p.m^oi tb. Three outer 

the periurth, o', alternating with tlmi mi ci « m .-v j • i, iltree rows of stamens, e o and ei, 
carpels, c e ami c * 
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united). In Dictamnus Fraxinella (fig. 382), five carpels unite to form 
a compound pistil. In Scilla italiea (fig. 259), the three carpels form 
only one apparently ; but on examination it will be found that the 
pistil consists of three carpels alternating 
with the thiee inner stamens. The 
union, however, not always complete ; 
it may take place by the ovaries alone, 
while the styles and stigmata remain free, 
the pistil being then gamogastrous(y oc^og, 
union, and yocar^ ovary) ; and in this 
case, when the ovaries form apparently 
a single body, this organ receives the 
name of compound ovary ; or the union 
may take place by the ovaries and styles, 
while the stigmata are disunited ; or by 
the stigmata and the summit of the style 
only (fig. 380). Various intermediate 
states exist, such as partial union of the 
ovaries, as in the hue, where they 
coalesce at their base ; and partial union of the styles, as in Malvaceae 
(fig. 383). The union is usually most complete at the base; but in 
Labiatas the styles are united throughout their length, and in Apocy- 
naceae and Asclepiadaceae, the stigmata only. 

43fi. When the union is incomplete, the number of the parts of a 
compound pistil may be determined by the number of styles and 
stigmata (fig. 383 s); when complete, the external venation, the 
grooves on the surface, and the internal divisions of the ovary, indicate 
the number. When the grooves between the carpels are deep, the 
ovary is denominated lobed, being one, two, 
three, four, or five -lobed, according to circum- 
stances. In fig. 383, the nine carpels forming 
the ovary, o , are divided by grooves ; and in fig. 

384, a transverse section of the ovary of Fuchsia 
cocci nea, shows the four carpels which form it. 

The changes which take place in the pistil by ad- 
hesion, degeneration, and abortion, are frequently 
so greac as to obscure its composition, and to lead to anomalies in the 





Fig. 382.— Portion of the pistil of Dictamnus Fraxinella. Two of the five carpels have been 
removed in ordei to show how the styles, 5, pioduced on the inner side of the carpels, and at first 
distinct, amjroximate and become united into one. o. Ovaries, two of which in front siiow their 
dorsal surface, d, and their lateral surface, l At the base of the gynophore, g, are seen the 
cicatrices, c, marking the insertion of the calyx, the petals, and the stamens. 

Fig. 383.— Pistil ofMalva Alcca. o, Nine ovaries, united so as to form one <, Column formed 
by nine styles united to near their summit, where they diverge and separate. Each of the divi- 
sions of the style is terminated by a stigma, * . 

Fig. 384.— Horizontal section of the four-celled (qruadrt locular or telrathecaT) ovary of Fuchsia 
coecinea. c c c c, Wall of the ovai v which is formed by four caipellary leaves, a, Quadrangu- 
lar axis to which the carpels are united. o % Ovules attached to the inner margin of the carpels. 
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alternation of parts. The pistil is more liable to changes of this kind 
than any other part of the flower. 

437. The carpels are usually sessile leaves, but 
sometimes they are petiolate, and then are elevated 
above the external whorls. This elevation of the 
pistil may in general, however, ^>e traced to an 
elongation of the axis itself, in such a way that the 
carpels, in place of being dispersed over it, arise 
only from its summit. A monstrosity often occurs 
in the Rose (fig. 385), by which the axis is pro- 
longed, and bears the carpels, /, in the form of 
alternate leaves. Thus, by the union of the petioles 
of the carpels, or by lengthening of the axis, the 
pistil becomes stipitate (stipes, a trunk), or supported, 
as in the Passion -flower, on a stalk (figs. 380, 382 g), 
called a gynophore (yvvy, pistil, and Qogia, I bear), 
or thecaphore (Ovjkyi, a case). Sometimes the axis 
is produced beyond the ovaries, and the styles be- 
come united to it, as in Geraniaccsc and Umbel - 
h ferae. In this case the prolongation is called a 
carpophore (kcc^tto;, h uit, and (po^M , I bear). 

438. The ovules are developed on the inner side of the carpel where 
the two edges of the carpellary leaves unite, and they are connected 
to it by vascular bundles which proceed from below upwards, traverse 
the carpel, and send a branch to each of the ovules. At the same 
place there is a development of cellular tissue in connection with the 
conducting tissue of the style and with the stigma. By the union of 
these tissues is formed the placenta, or projection to which the ovules 
are attached. Some restrict the term placenta to the point of attach- 
ment of a ^ngle ovule, and call the union of placentas, bearing several 
ovules, placentaries or pistillary cords. The part of the carpel where 
the placenta is formed, is the inner or ventral suture , corresponding 
to the margin of the folded carpellary leaf, while the outer or dorsal 
suture corresponds to the midrib of the carpellary leaf. The placenta 
is heDce sometimes called marginal. The placenta is formed on 
each margin of the carpel, and hence is essentially double. This is 
seen in cases where the margins of the carpel do not unite, but remain 
separate, and consequently two placentas are formed in place of one. 
In fig. 386 , the two carpels are folded, so that their margins meet, and 
the placenta is apparently single ; whereas in fig. 387 the margins of 
each carpel do not meet, and the placenta of each is double. Again, 
in fig. 388, the two carpels, after meeting in the centre or axis, a, are 

Fig. 885. — Section of monstrous Rose, as figured at section 324, the axis of which is prolonged 
beyond the flower, and the envelopes removed to show the abortive stamens, r. The carpels are 
attached alternately along the axis in the form of leaves. p % Abortive floral envelopea «, Stamen* 
In toHMIt&ct flower at the apex. 
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reflected outwards towards the dorsal suture, 5 d, and their margins 
separate slightly, each being placentary and bearing ovules, o. 



439. When the pistil is formed by one carpel, the inner margins 
unite in the axis, and form usually a common marginal placenta. 
This placenta may extend along the whole margin of the ovary as tar 
as the base of the style, or it may be confined to the base or apex 
only. When the pistil is composed of several separate carpels, or, in 
other words, is apocarpous, there are generally separate placentas at 
each of their margins. In a syncarpous pistil, on the other hand, the 
carpels are so united that the edges of each of the contiguous ones by 
their union form a septum ( septum , a fence or enclosure), or dissepiment 
( dissepio, I separate), and the number of these septa consequently in- 
dicates the number of carpels in the compound pistil. It is obvious 
then that each dissepiment is formed by a double wall or two laminae ; 
that the presence of a septum implies the presence of more than one 
carpel ; and th^t, when carpels are placed side by side, true dissepi- 
ments must be vertical, and not horizontal. 

440. When the dissepiments extend to the centre or axis, the 
ovary is divided into cavities, cells or loculaments ( loculus , a box), and 
it may be bilocular , trilocular , quadrilocular , quinquelocular , or multi- 
locular, according as it is formed by two, three, four, five, or many 
carpels, each corresponding to a single cell or loculament (fig. 381, 2, 
c e, c i). In these cases the marginal placentas meet in the axis, and 
unite so as to form a single central one (fig. 38G a). Son»e call this 
placentation axile (belonging to the axis), but this term is perhaps pro- 
perly restricted to cases where the placenta is an actual prolongation 
of the axis. The number of loculaments is equal to that of the dis- 
sepiments. In fig. 384, there is shown a transverse section of the ovary 
of Fuchsia coccinea, c c c c* being its parietes formed by the union of 
four carpellary leaves, a the axis united to the parietes by dissepiments, 
and o the ovules attached to the placentas at the margin of each carpel. 
When the carpels in a syncarpous pistil do not fold inwards completely 
so as to meet in the centre, but only partially, so that the dissepiments 
appear as projections on the walls of the ovary, then the ovary is 
unilocular (fig. ^87), and the placentas are parietal ( partes , a wall). 

Figs* 38(5, 387, 388 — Horizontal sections of ovaries, composed of two carpellary leaves, the edges 
of which are folded so as to meet m the axis, a, in fig 387; are reflected nrnaids into the locula- 
ments after meeting in tile axis in fig. 388 ; und do not reach the axis in fig. 337. 
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A horizontal section of the otfary of Erythraea Centaurium (fig. 389), 
exhibits a unilocular ovary with parietal placentas,/?, 
formed at each of the margins of the carpels which 
do not meet in the centre. In these instances the 
placentas may be formed at the margin of the united 
contiguous leaves, so as to appear single, or the margins 
"p may not be united, each developing a placenta. From 
this it will be seen that dissepiments are opposite to 
placentas, formed by the union of the margins of two 
contiguous carpels, but alternate with those formed 
by the margins of the same carpel. 

441. The carpellary leaves may fold inwards very slightly, or they 
may be applied in a valvate manner, merely touching at their margins, 
the placentas then being parietal, and appearing as lines or thicken- 
ings along the walls. In fig. 390, the pistil of Viola tricolor is repre- 
sented, 1, cut vertically, and, 2, cut transversely, the ovules being 
attached to the walls of the ovary, and the placentas, p, being merely 
thickened portions of the walls. Cases occur, however, in which the 
placentas are not connected with the walls of the ovary, and form what 
is called a free central placenta. This is seen in many of the Caryo- 
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phyllacese. Thus, in Cerastium hirsutum (figs. 391, 392), the ovary, 
o, is composed of five carpels, indicated by the styles, but there is 
only one loculament, the placenta, p, being free in the centre, and the 
ovules, g , attached to it. 

Fig. 389,— Horizontal section of the ovary of Erythrsea Centanrlnm. e, Wall or paries of the 
ovary or carpeliory leaf p, The edge on which the placenta is formed, bearing the ovules, a 
t, Cell or loculament 

Fig. 390.— Pistil of Viola tricolor, or Pansy, cut vertically to show the ovules, o, attached to the 
parletes. Two rows of ovules are seen, one in front, and the other in profile p, A thickened 
line on the walls forming the placenta, c, Calyx, d, Ovai y . 1 . Hooded stigma terminating the 
short style. 2. Horizontal section of the same. />, Placenta, o, Ovules. «, Suture. 

Fig, 391.— Pistil of Cerastium hnsutum cut vertically, o, Unilocular or monothecal ovary, p. 
Free central placenta, g , Ovules, s, Styles. 

Fig, 392.— The same cut horizontally, and the halves separated so as to show the Interior of the 
cavity Of the ovary, o, with the free central placenta, p, covered with ovules, g 
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442. In Caryopbyllaceae, however, while the placenta is free in the 
centre, there are often traces found at the base of the ovary of the 
remains of septa, as if rupture had taken place ; and, in rare instances, 
ovules are found on the margins. But examples occur of this kind 
of placentation, as in Primulaceae, Myrsinaceae, Santalaceae, and Theo- 
phrasteac, in which no vestiges of septa or marginal ovules can be 
perceived at any period of growth. Duchartre states that the free 
placenta of Primulaceae is totally different from that of Caryophyl- 
lace®. It is always free, and rises in the centre of the ovary, and the 
part uncovered by ovules gradually extends into the style. It is not 
first continuous with the style, and then free; neither is it originally 
marginal, and then free ; but it is, according to him, wholly through- 
out its organogeny (opyotvov, organ, and ykvict^ production or develop- 
ment) separate and axile. 

443. This placentation, therefore, has been accounted for in two 
ways, either by supposing that the placentas in the early state were 
formed on the margins of cnrpellary leaves, and that in the progress of 
development these leaves separated from them, leaving the placentas 
and ovules free in the centre ; or by supposing that the placentas are 
not marginal but axile formations, produced by an elongation of the 
axis, the ovules being lateral buds, and the carpels verticillate leaves, 
united together around the axis. The latter view has been supported 
by many botanists, and is confirmed by the fact, that in some cases 
the placenta is actually prolonged beyond the carpels. The first of 
these views would apply well to Caryophyllace®, the second to Primu- 
lacefiD. In the latter case, the only way of explaining the appearance 
on the marginal hypothesis, will be by considering the placentas as 
formed from the carpels by a process of chorization (^f 383), and united 
together in the centre. 

444. Some indeed, as Schleiden and End- 
licher, consider the axile view of placentation 
as applicable to all cases, the axis in some cases 
remaining free and independent, at other 
times sending prolongations along the margins 
of the carpellary leaves, and thus forming the 
marginal placentas. The occurrence of pla- 
centas over the whole inner surface of the 
carpels or of the dissepiments, as in Nymph sea 
and in Butomus umbellatus (tigs. 393, 394) ; 
also, though very rarely, along the dorsal 
suture, as in Cabomba, or on lines within the 
margin, as in Orobanche, has been supposed to confirm this view. 
Schleiden argues in favour of it, from the case of Armeria, where there 

Eg* 393* 394.— One of the carpels of Butomus umbellatus. or flowering Rush, cut transversely 
in <193, and longitudinally in 3U4 i, Loculament oi cavity of the carpel, o, Ovules, s, Stigmata. 
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are five carpels and a single ovule attached to a cord, which arises 
from the axis, and becomes curved at the apex so as to suspend the 
ovule ; also, from cases, such as Taxus, where the ovule appears to be 
naked and terminates a branch. 

445. This theory of placentation, however, cannot be easily applied 
to all cases ; and Gray says that it is disproved in cases of monstrosity, 
in which the anther is changed'into a carpel, or where one part of the 
anther is thus transformed and bears ovules, while the other, as well 
as the filament, remain unchanged. In the case of Luffii foctida, the 
entangled fibres of the carpellary leaves, even in the young state, 
seem to be connected with perpendicular lines forming the placenta. 
Brongniart mentions a case where the marginal placenta was entire, 
while the axis was prolonged separately, and totally unconnected 
with the placenta ; he also notices peculiar monstrosities, which seem to 
prove that, in some cases at least, marginal placentation must take place. 

446. Upon the whole, then, it appears that marginal, or, as it is 
often called, carpellary placentation, generally prevails ; that axile 
placentation explains easily cases such as Primulace;e, while such in- 
stances as Caryophyllacesc are explicable on either view. 

447. Occasionally, divisions take place in ovaries which are not 
formed by the edges of contiguous carpels. These are called spurious 

dissepiments. They are often horizontal, and are then 
called phragmata {(p^ccy^tcc, a separation), as in Catharto- 
carpus Fistula (fig. 3t)f>), where they consist of transverse 
cellular prolongations from the walls of the ovary, only 
developed after fertilization, and therefore more properly 
noticed under fruit. At other times they are vertical, as 
in Datura, where the ovary, in place of being two-celled, 
is thus rendered four-celled ; in Cruciform, where the pro- 
longation of the placentas forms a replum ( replum , leaf of a 
door) or partition ; in Astragalus and Thespesia, where the 
dorsal suture is folded inwards ; and in Diplophractum, 
where the inner margin of the carpels is reflexed (fig. 388). 
In Cucurbitacea?, divisions are formed in the ovary, appa- 
rently by peculiar projections sent inwards from curved parietal pla- 
centas. In some cases, horizontal dissepiments are supposed to be 
formed by the union of carpels situated at different heights, bo that the 
base of one becomes united to the apex of another* In such cases, 
the divisions are true dissepiments formed by carpellary leaves. The 
anomalous divisions in the ovary of the Pomegranate have been thus 
explained. 

448. The ovary is usually of a more or less spherical or curved form, 
sometimes smooth and uniform on its surface, at other tim*es hairy 

Fi^SWr^hstll of Cassia or Cathartocarpns Fistula, m an advanced state, cut longitudinally 
to spurious transverse dissepiments, 01 pliruginata. 
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and grooved. The grooves, especially when deep, indicate the divisions 
between the carpels, and correspond to the dissepiments. The dorsal 
suture may be marked by a slight projection, or by a superficial groove. 

449. The ovary is either free in the centre of the flo.wer, or it is 
united to the surrounding parts, more especially to the calyx. The 
union may take place completely, so that the calyx is adherent through- 



out, and becomes superior , while the ovary is inferior, as in the Melon 
(fig. 396, o being the ovary, l the upper part of the adherent calyx); 
or jtmay take place partially, as in Saxifragacea; (figs. 397, 398), where 


p Cmolla 0var ^ covcre( * by the adherent calyx. 

consolidated into one, and adheient tor half tl^ir he trht io thi f, 1 °vanes 

[»vered with ovules, p e, Ilase of the petals * % ^ ’ StyleS- *’ Stl « ma8 - 

of the ovary '' ' ,dcd honzontally into two halves through the middlo 

or loculi with the ovules nttneherT+nV l ° ()va f y becn untouched, to show its four cavities 
highly magnified The imnw i^n , internal an £ lcs - Fig 384 shows the same section more 
a raw^in e£>h 1 nm’iin vmfnt Y lS l>een cut ve itieally, to show the ovules, <?, arranged in 

in the form nf n E ^ y5 l* . incorporated with the ovary below, is prolonged above it 

the tube nf ft th d t * Vicies lts summit into four segments, 1 1. />, Petals inserted on 

tiibe alte?fintrofr a i ^ ^ Y,Y Cre 11 divi,ies ln to segments, e, Stamens inserted also on the 
by an ovoid stigma ^ * nd Sm& 1L 1 he 8t * ,e ri81,, S am the sitmmit of the ovary, and terminated 
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the ovary, o, becomes halj - inferior , the calyx being half superior. These 
adhesions between the calyx and the ovary will be found to be of im- 
portance, as determining the cpigynous and perigtpious upon or 
above, and around, and yw^ pistil) condition of the stamens. 
Cases of adhesion between the ovary and the calyx, as occur in the 
Apple, Pear, Gooseberry, and Fuchsia, (fig. 399), must not be con- 
founded with cases such as the Kose (fig. 270), where the tube of the 
calyx becomes enlarged and hollowed so as to cover the carpels. In 
the former iase a transverse section (fig. 399) shows one or several 
closed loqplnments containing ovules ; while in the latter, it exhibits 
one cavitybpen at the top, and separate carpels scattered over the 
surface, each having a style and stigma. 

450. Peculiar views have been advocated by Schleiden, who con- 
siders the ovary in some cases as not formed by carpels, but by a 
hollowing out of the axis, at other times by these two modes combined. 
Thus the superior ovary, according to him, is formed of carpellary 
leaves, while the inferior ovary of the Apple and Pomegranate is com - 
posed of the expanded summit of the axis, bearing the carpels in its 
interior; that of Epilobium is formed from the stem alone, and that of 
Saxifrage partly by the peduncle and partly by carpels. 

451. Tb© style proceeds from the summit of the carpel, and may 
be looked upon as a prolongation of it in an upward direction (fig. 
372 t). It is hence called apicilcir ( apex , top). It consists not merely 
of the midrib, but of the vascular and cellular tissue of the carpel, 
along with a continuation of the placenta or conducting tissue, which 
ends in the stigma. In some cases, the carpellary leaf is folded from 

above downwards, in a hooded manner, so 
that its apex (as in reclinate vernation, fig. 
205 a) approaches more or less to the base. 
When the folding is slight, the style becomes 
lateral (fig. 382) ; when to a greater extent, 
the style appears to arise from near the base, 
as in the Strawberry (fig. 400), or from the 
base, as in Chrysobalanus Icaco (fig. 401), 
when it is basilar . In all these cases the style 
still indicates the organic apex of the ovary, although it may not be 
the apparent apex. 

452. The carpel sometimes becomes imbedded in the torus or 
thalamus, so as to have a projection of the latter on one side ; and then, 
if the style is basilar or lateral, it may adhere to this portion of the 
torus, and appear to arise from it. This is seen in Labiat© (fig. 402), 
and Boraginaceae (fig. 403), where the four carpels, o , are sunk in the 
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Fig. 400.— Carpel of Stiawberry. 0 , Ovary, t. Style arising from near the base, and becoming 
basilar by the mode in which the ovaiy is developed; the style, however, still indicating the 
organic apex of the ovary 

Fig. 401.— Carpel oi Chrysobalanus Icaco 0 , Ovary. t t Basilar style. &, Stigma. 
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torus, r, in such a way that the common style, s, formed by the union 
of four basilar styles, seems to be actually a prolongation of the torus. 
When ovaries are thus attached 
round a central prolongation of i 
the torus, continuous with a I 1 

united columnar style, the ar- 
rangement is called a gynobase 
{yvvij, pistil, and /3«<r tg, base). It 
is well developed in Ochnacese. 

In Geraniums ther^ is a carpo- 
phore or prolongation of the 
torus in the form of a long 
beak, to which the styles are 
attached. 

453. The form of the style is usually cylindrical, more or less filiform 
and simple; sometimes it is grooved on one side, at other times it is 
flat, thick, angular, compressed, and even petaloid, as in 
Iris and Canna. In Goodeniaceje it ends in a cup-like ex- 
pansion enclosing the stigma. It may be smooth and covered 
with glands and hairs. These hairs occasionally aid in scat- 
tering the pollen, and are called collecting hairs, as m Gold- 
fussia or Ruellia. In Campanula they appear double and 
retractile. In Aster and other Composite (fig. 404), there 
are hairs produced on parts of the style, p c, prolonged 
beyond the stigma, 6*; these hairs, while the part is being 
developed, come into contact with tin* pollen and carry it 
up along with them. In Yicia and Lobelia, the hairs form 
often a tuft below the stigma. 

454. The styles of a syncarpous pistil may be either separate or 
united; when separate, they alternate with the septa. When united 
completely, it is Usual to call the style simple (fig 399); when the 
union is partial, then the style is said to be bifid, trijid , multifid, accord- 
ing as it is two-cleft, tlm e-clefr, many-cleft; or, to speak more 
correctly, according to the mode and extent of the union of two, three, 
or many styles. The style is said to be bipai tite, tripartite , or multi- 
partite, when the union of two, three, or many styles only extends a 
short way above the apex of the ovary. The style from a single carpel, 
or from each carpel of a compound pistil, may also be divided. In 

Fig. 402. —Pistil of Laminm album, shown l.y a vertical section of part of the flower. Two of 
the four ovaries have been removed to exhibit the connection of the style with the toms, r, by 
adhesion, o. The two lemammg ovaries, d, Ulondular disk placed below the pistil c, Part of 
euWx. p , Corolla 

Fig. 403.— Pistil of Erithncium Jacquemontlanum. with one of the ovaries removed in fiont, 
to show the mannei in which the ovaries are inserted obliquely on a p} lamidal torus, r, whence 
the style appears to arise, ending in a stigma, it. 

Fig. 404.— Summit ot the style, f, of an Aster, separating into two branches, n. each terminated 
by an inverted cone of collecting hairs, p c. The stigma, *, is seen below in the torra of u band 
or line on the inner curvature of the blanches. 
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fig. 314, 2, each division of the tricarpellary ovary of Jatropha Curcas 
has a bifurcate or forked style, s, and in fig. 405, the ovary ofiEmblica 
officinalis has three styles, each of which is divided twice in a bifurcate 
manner, exhibiting thj|f a dichotomous division. 

4i55. The length of the style is determined 
by the relation which ought to subsist 
between the position of the stigma and that 
of the anthers, so as to allow the proper 
application of the pollen. In some cases 
the ovary passes directly into the style, as 
in Digitalis, in other instances there is a 
marked transition, lrom one to the other. 
The style may remain persistent , or it may 
fall' off after fertilization is accomplished, 
and thus be deciduous. 

• 45G. The is the termination of 

the conducting tissue of the style, and is 
usually in direct communication with the 
placenta. It may, therefore, in most instances, be considered as the 
placentiferous portion of the carpel prolonged upwards. In Armeria, 
an«l some other plants, this connection with the placenta cannot be 
traced. Its position may be either terminal or lateral. The latter 
is seen in some cases, as Asimina triloba, where it is unilateral (fig. 
377), and fn Plantago saxatilis (fig. 378), where it is bilateral. Occa- 
sionally, as in Tasmannia, it is prolonged along the whole inner 
surface of the style. In Iris, it is situated on a cleft on the back of 
the petaloid divisions of the style. Some stigmata, as those of the 1 
Mimulus, present sensitive flattened laminae which close when touched. 
The stigma consists of loose cellular tissue, and secretes a viscid 
matter which detains the pollen, and causes it to protrude tubes. 
This secreting portion is, strictly speaking, the true stigma, but the 
name is generally applied to all the divisions of the style on which 
the stigmatic apparatus is situated, as in Labiatte. The stigma alter- 
nates with the dissepiments of a syncarpous pistil, or corresponds with 
the cells ; but in some cases, it would appear that half the stigma 
of one carpel unites with half that of the contiguous carpel, and thus 
the stigma is opposite the dissepiments, or alternates with the cells. 
This appears to be the case in the Poppy, where the stigma of a single 
carpel is two-lobed, and the lobes are opposite the septa. 

457. If the stigma is viewed as essentially a prolongation of the 
placenta, then there is no necessary alternation between it and the 
placenta, both being formed by the margins of carpellary leaves, which 



Fig 405.— Female flower of Embhca officinalis, one of the Enphorblaceae. e, Calyx, p p, 
Petals, t Membranous tube surrounding the ovaiy. o, Ovary, crowned by three styles, «, each 
being twice Mflecftaite. 
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in the one case are ovuliferous, in the other sfcigmdliferdds. There is 
often a notch in one side of a stigma (as in sorng (Rosace®), indicating 
apparently that it is a double organ like the placenta. M) the division 
of a compound stigma the terms bifid , trifid, «^Bire appfid, according 
to the number of the divisions. Thus#in L^Htae (hg.*99), and in 
Composite (figs. 301, 404 s), the stigmas b£fi«n PolenMnium, trifid. 
IV hen the divisions are large, they are cpll6d JRes, and vwen flattened 
like bands, lamellce ; so that stigmas mar be pwobate , trilBfie, bilamd- 
lar , trilamellar , <fcc. 

458. It has already l^een stated thkt Jthe divisions 
mark the number of carpels which are diiifed together" 
panula (fig. 405 bi<$\ the quinquefid oijwe-cleft stigma Indicates five 
carpels, the stigmata of which aie separate, although the other parts 
are united. In Bignoniaceae (fig. 40G), as well as in Scrophulariaceae 
and Acanthacea?, the two-lobed or bilamellar stigma indicates a bilo- 
cular ovary. Sometimes, however, as in the case of the styles, the 
stigma of a single carpel may divide. It is probable that in many in- 
stances, what is called bifurcation of the style is only the division of the 
stigma. In Graminem and Composite (figs. 301, 404), there is a bifid 
stigma and only one cavity in the ovary. This, however, may be pro- 
bably traced to subsequent abortion of the ovary of one of the carpels. 
The stigma presents various forms. It may be globular, as in Mirabilis 



dalapa (figs. 37G, 407) ; orbicular, as in Arbutus Andrachne (fig, 408); 
umbrella-like, as in Sarracenia, where, however, the 'proper stigmatic 
surface is below the points of the large expansion of the apex of the 
style; ovoid, as in Fuchsia (fig. 399); hemispherical; polyhedral; 
radiating, as in the Poppy (fig. 409), where the true stigmatic rays 
are attached to a sort of peltate or shield -like body, which may repre- 


Fig. 405, bis.— Stigmas, s, of Campanula rotundifoha. L Style. 

Fig. 400 —Bilamellar stigmas of Bignonia pandorea. The two lamellse are applied naturally 
against each othei m 1, wliile in 2 they are artificially separated. 

Fig. 407.— Globular stigma of Mirabilis Jalapa t , Style s. Stigma. 

Fig 408.— Circular stigma, s , and t, style of Arbutus Andraclme. 

Fig. 409.— Pistil of Papaver somiuferum, or opium Foppj. o. 0>ary s, liadiating stigmas od 
its summit. 
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sent depressed or flattened styles. The lobes of wKich a stigma con- 
sists may be fiat or poiDted, as in Mimulus and Bignonia (fig. 406 ); or 
fleshy and blmt, smooth, granular, feathery, as in many Grasses (fig. 
410 ). In Ofchidace^fce stigma is placed on the column formed by 
the union offithe stylBmd Aments. The situation where it occurs 
has been earned gynizm 4*3). In Asclepiadaceae the stigmas are 
united to ti iice of tje anthers, and along with them form a solid 
mass (fig. 

459^ ^ryjitogHniil Plants there exist organs called pistillidia y 
" en supposed to perform the function of pistils. They 

conSK^ppoilow cavities, like ovaries, to which the names of sporangia 
spore or seed, andypyycf, a vessel), and theca; a sac), 
have been given, containing l»dies called spores , equivalent to ovules. 
These spores being capable of germination, and being devoid of 
cotyledons, have been termed leafless phytons. The sporangia, or 
spore-cases, are sometimes immersed in the substance of the plant, 
as in Kiccia glauca (fig. 411, 1); at other times they are supported 
on stalks, or setce ( seta, a bristle), as in Mosses. In Marchantia poly- 



morpha, they consist of distinct and separate expansions, having a 
bottle-like form (fig. 412), the lower part, o, being enlarged, contain- 


Fig. 410.— Pistil of Cynodon Dociylon, a Grass, o, Ovary s, Feath°' y Stigmas. 

Fig. 411.— 1. Perpendicular section of thefiond, /, of Kima glauca, and of the sporangium 
or spore-case, o, winch is imbedded m it s, Narrow pioeess or style by which the sporangium 
communicates with the external surface l Its cavity or loculus s, Young spoies still united 
in sets of four in the pai ent cells t , Cells elongated like roots 2 One of the cells mote highly 
magnified, with the four spores which it contains. Three of the spores are seen, the fourtn 
being concealed by them 

Fig. 412— Sporangium or spore-case of Marchantia polymorpha o, Hollow swelling contain- 
ing spores, and which has been compared to the ovary. /, Narrow process prolonged upwards, 
and resembling a style, s, Termination of this cellular process, compared to the stigma, c, 
Cellular covering of the sporangium, or sporc-cuse, surrounding it like a calyx. 
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ing the spores, and being surrounded by a cellular tube resembling 
a calyx, c. From this ovary-like body there is a prolongation which 
may be considered as a style, t , terminated by a cellular enlargement, 
s, which has been compared to a stigma. The styloid prolongation 
withers and disappears when the spores 2 

mature. Sopietimes the thecae, as in Lichf^s, 
consist of a club-shaped elongated cell or a$cus 
(fig. 413, 1), containing nuclei or cells in its 
interior, which fbjrm the spores. Sometimes 
these are single, at other times united in sets 
of two (fig. 413, 2), or of four (fig. 411, 2), 
or of some multiple of four. There are various 
modifications of sporangia in other Cryptogam ic 
tribes. Thus, in Ferns, they are often sur- , 
rounded by an annular ring, or by elastic bands, 
which cause their dehiscence ; while in the 
Chara they aie called nucules , and present an 
oval form with a spiral arrangement of tubes. 

460. The* Ovule. — r lhe ovule is the body attached to the placenta, 
and destined to become the seed. It bears the same relation to the 
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carpel that marginal buds do to leaves, and when produced on a free 
central placenta, it may be considered as a bud developed on a branch 
formed by the elongated axis. The single ovule contained in the 
ovaries of Composite and Grasses, may be called a terminal bud 
surrounded by a whorl of adhering leaves or carpels, in the axil of 
one of which it is produced. In Delphinium elatum, Brongniart 
noticed carpels bearing ovules, which were sometimes normal, at other 
times mere lobes of the carpellary leaf ; and in Aquilegia, Lindley saw 
ovules transformed into true leaves, produced on either margin of the 
carpel. Henslow has seen the ovules of Mignonette become leaves. 
In such cases the vascular bundles of the placenta (pistillary cords) 
are formed by the lateral veins of the carpellary leaf. These veins 
pass into the marginal lobes or leaflets which represent ovules, and 
seem to prove that the placenta, in such cases, must be truly a 
carpellary, and not an axile, formation. Godron, from observing 
monstrosities, says, that in Legiuninosae, the pericarp, or seed-vessel, is 
formed by the common petiole dilated, the style is probably the 
terminal leaflet, or tendril, or apiadvm, while the ovules represent 
lateral leaflets of the leaf, and are modifications of it. 

461. The ovule is usually contained in an ovary, but in Conifera? 
and Cycadaceas it has no proper ovarian covering, and is called naked. 
In these orders the ovule is produced on the edges, or in the axil of 
altered leaves, which do not present a tr^ice of style or stigma. The 


Fiff. 413 — 1. Theca or ascus of Solorina saccata, a species of Lichen, containing eight spoils, 
initea in sots of two. 2. Two of these double spores highly magnified. 
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carpellary leaves are sometimes so folded as to leave the ovules exposed, 
or seminude , as in Mignonette. In Leontice thalictroides (blue cohosh), 
the ovules rupture the ovary immediately after flowering, and the 
seeds are exposed. So also in species of Ophiopogon, Peliosanthes, 
and Stateria. In the species of Cuphea, the placenta ultimately 
bursts through the ovary and corolla, becoming erect,, and bearing 
the exposed ovules. 

462. The ovule is attached to the placenta either directly, when it 
is called sessile, or by means of a prolongation called a, funiculus (funis, 
a cord), umbilical cord , or podosperm (nov;, a foot, and ove^oc, a seed). 
This cord sometimes becomes much elongated after fertilization. The 
placenta is sometimes called the tnphosperm 1 nourish). The 

part by which the ovule is attached to the placenta or cord, is its base 
or /alum, the opposite extremity being its apex. The latter is fre- 
quently turned round in such a way as to approach the base. The 
ovule is sometimes imbedded in the placenta. 

463 In its simplest form, as in the Mistleto, the ovule presents itself 
as a small cellular projection, which enlarges, assumes an ovoid form 

(fig. 414), and ultimately becomes 
hollowed at the apex (tig. 415 c). 
The cavity thus produced is sur- 
rounded by a mass of cells called the 
nucleus , n, and is destined to contain 
the embryo plant after the process of 
fertilization has been completed. In 
tins embryonal cavity the young plant 
is suspended by a thread-like cellular 
process called suspensor, attached to the summit of the nucleus. This 
cavity in some plants is surrounded by the cells of the nucleus; but, 
in other cases, it becomes lined with a regular epithelial (If 431), or thin 
cellular covering, and constitutes the embryo sac , which is produced 
before fecundation, and contains amnios or mucilaginous matter in 
which the embryo is foimed. 

464. The nucleus (fig. 421 v) may remain naked, and form the ovule, 
as in the Mistleto, Veronica hederifolia, Asclcpias, &c. ; but in most 
plants it becomes surrounded by certain coverings during the progress 
of development. These appear first in the form of one or more cellular 
rings at the base, which gradually spread over the surface. In some 
cases only one covering is formed, as in Composite, Campanulacese, 
Walnut, &c. Thus, in the latter (fig. 416), the nucleus, n , is covered 
by a single envelope, t, which, in the first instance, extends over the 
base, and then spreads over the whole surface (fig. 417), leaving only 

Fig. 414.— Ovule of the Mistleto entire. 

Flc;. 415 —Ovule of Mistleto cut to show tlio emhryo-sac, c, and the whole of the rest of the 
- -Tomposed of uniform tissue, and loiming a nucleus without integuments. 
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an opening at the apex. In other instances (fig. 418), the nucleus, w, 
besides the single covering (fig. 418, 2, ti), has another developed sub- 
sequently (fig. 418, 3, te\ which 

gradually extends over the first, Tf 

and ultimately covers it completely. 

There are thus two integuments, an 
outer and an inner — the latter, ac- 
cording to Sclileiden, being first pro- 
duced. Mirbel considers the outer 
as the first formed, and hence has 
called it primine , te, while the inner 
is denominated secundine , ti. The 
latter names are in the present day used by botanists as denominating 
the outer and inner covering, without reference to their order of 
development. At the apex ^ 

of' the nucleus these integu- 
ments leave an opening or 
foramen composed of two 
apertures; that in the pri- 
mine (fig. 418, 3, err), called 
erostome (t£a, outside, and 
or 6 fia, mouth), that in the 
secundine (fig. 418, 3, eel), 
cndoslome (tvoov, within). The 
foramen of the ovule is also called micropyJc small, and a 

gate); but this name is often restricted to its appearance in the seed alter 
fecundation. The length of the canal of the foramen depends on the 
development of the nucleus, as well as the thickness of the integuments. 
The embryo-sac is sometimes prolonged beyond the apex of the nucleus, 
as noticed by Meyen in Phaseolus and Alsine media, and by Griffith 
in Santalum album and Loranthus. Some authors, as Mirbel, consider 
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the ovule in reference to the embryo, and speak of five coverings of 
the latter, viz., 1. pnrnine; 2. secundine; 3. tercine, or the nucleus; 
4. quartine, a temporary cellular layer, which is occasionally formed 
at an after period aiound 5. quint ine, or the embryo-sac. By most 
botanists the nucleus and sac with its two integuments are mentioned 
as the ordinary structure of the ovule. 

465. All these parts are originally cellular. The nucleus and in- 
teguments are united at the base of the ovule by a cellulo-vascular 


ti/T 4IG. — Ovule of Julian j regia, the Walnut Simple i , if"£x. ,r n''"»t rt, Nucleus, the base 
of which onlv is coveied with mUftument .it the einly penod . ■ .!■ u , ■ n nr 
J 1 , 1 #* 417.— 7 lie same ovule moie advanced, m whitii the nucleus Is nearly completely covered 
1 m£. 418.— Ovule of Polygonum eymosum at various apes /?, Nucleus te, 'ihe outer intern- 
ment or primine ti, The inner integument or secumkne. ex, Exostome or opening in the 
primine. ed, Endostome or opening in the secundine. 1 Ovule m the early state, when tlie 
nucleus is still nuked. 2. Oa ule in second staple, when tlie nucleus is covered at its base by the 
internal integument or sccundme only. 3 O\iilo in the third stupe when the two integuments, 
primine, and secundine, form, a double covering, at the ope' ot which the uucleus still appeal's, 
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membrane, called the chalaza (fig. 421 ch). This is often coloured, of 
a denser texture than the surrounding tissue, and is traversed by fibro- 
vascular bundles, which come from the placenta, in order to nourish 
the ovule. The hilum indicates the organic base of the ovule, while 
the foramen marks its apex. When the ovule is so developed that 
the union between the primine, secundine, and nucleus with the 
chalaza, is at the hilum or base (next the placenta), and the foramen 
is at the opposite extremity (figs. 417, 418), the ovule is orthotropal , 
ortkotropous , or atropous (6^06;, straight, and rgcVaf, mode, or pri- 
vative, and r^?r<y, I turn). This is the state of an ovule when it first 
makes its appearance, and occasionally, as in Polygonaceso, it remains 
permanent. In such ovules, a straight line drawn from the hilum to 
the foramen passes through their axes. 

406. In general, however, changes take place on the ovule, so that it 
deviates^from the straight line. Thus it may be curved upon itself, so 
that the forajnen approaches to the hilum or placenta, and ultimately 
is placed close to it, while the chalaza is only slightly removed from 
the hilum. This change depends apparently on the ovule increasing 
more on one side than on the other, and as it were drawing the chalaza 
slightly to one side of the hilum opposite to that where the foramen is 
applied. Such ovules are called campylolropal or campylotropous 
curved), when the portions on either side of the line of curva- 
tion are unequal (fig. 410); or camptotropal to;, curved), when 


s 




they are equal (fig. 420). Curved ovules are found in Leguminosae, 
Crucifersc, and Caryophyllaceas. The union between the parts of the 
curved portion usually becomes complete, but in some cases there is 
no union, and the ovules are lecotropal , or horse-shoe shaped (Ai*of, a 
hollow disk, and tqozo;, mode or form). 

467. When in consequence of the increase on one side, the ovule is 

Fig. 419.— Campy! otr opal or Campylotropous ovule of tlic Stock 1. Ovule entire. 2. Ovule 
cut lengthwise. f, Funiculus or umbilical cord c, Chalaza w, Nucleus, te, Primine or outer 
covering, ti, Secundine or inner covering, ex, Exostome. ed, EndostoTnc. 

Fig. 420.- Carpel of Menispermum canadense, with a curved or camptotropal ovule, o. /, 
Funiculus, s, The hose of the style. 
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so changed that its apex or foramen (fig. 421, 4, n ), is in close apposi- 
tion to th£ hilum (fig. 421, 5, h) and the chalaza is also carried round 



so as to be at the opposite extremity *(T‘g 421, 5, c), then the ovule 
becomes inverted, anatropal or anatropovs (d»uTQiiru t I subvert). In 
this case (fig. 422), the union of the chalaza, c//, with the nucleus, 
n, is removed from the hilum, and the connection 
between the chalaza and placenta is kept up by a vas- 
cular cord, r, passing through the funiculus, and called c 
the raphe a line). The raphe often forms a 

ridge along one side of the ovule, and it is usually n 
on the side of the ovule next the placenta. Some 
look upon this kind of ovule as formed by an elongated 
funiculus (fig. 421, 5./) folded along the side of the H 
ovule, and becoming adherent to it completely ; and 
support this view by the case of semi- anair opal ovules, 
where the funiculus is only, as it were, partially 
attached along one side, becoming free in the middle ; and also by 
cases where an anatropal ovule, by the separation of the funiculus from 
its side, becomes an orthotropal seed. 

468. The anatropous form of the ovule is of very common occur- 

rence, and may probably aid in the process of fertilization. Ovules 
which are at first orthotropous, as in Chelidonium majus (fig. 421, 2), 
become often anatropous in the progress of development (fig. 421, 4). 
When the ovule is attached to the placenta, so that the hilum is in the 
middle, and the foramen and chalaza at opposite ends, it becomes 
transverse, amphitropal or heterotropal (e^pi, around, diverse). 

469. The nucleus of the ovule becomes hollowed at a particular 
part (fig. 415 c), so as to form a cavity. Mirbel states that the whole 
nucleus is transformed into a membrane called the tercine , lining the 
secundine, and that in its interior afaother covering, the quartine , and 



Fig. 421. — Ovule of Chelidonium majus at different stapes of development, h, Hilurn or um- 
bilicus. ch , Chalaza. /, Funiculus or umbilical cord. i\ .Raphe, n, Nucleus, ti , Secundine. 
te, Primine. ed, Endostome. ex, Exostoma 1. First stage: nucleus still naked. ' 2. Second 
stage: nucleus covered at its base by the secundine. 8. Third stage: the primine developed 
and covering the secundine at its base. 4. Fourth stage: the ovule completely reflected, and 
its point turned downwards. 5 The same cut longitudinally, to show the relation of its different 
parts 

Fig. 422. —Anatropous ovule of Dandelion, cut vertically ch , Chalaza. r, Raphe, n, Nucleus. 
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finally, the embryo-sac, are produced. The view, however, generally 
adopted, is that tie embryo-sac is formed within the nucleus, assuming 
a greater or less size according to circumstances, and in some instances 
reducing the nucleus to a mere external sac. In the iuterior of the 
embryo-sac, cellular layers are deposited from without inwards, the 
earlier ones probably forming the fugacious quartine of Mirbel. 

470 . In the Mistleto there are two or three embryo-sacs. The 
neck of the embryo-sac in Veronica and Euphrasia becomes elongated 
and swollen, and from it are developed certain cellular or filamentous 
appendages, which are probabty connected with the nutrition of the 
embryo. 

471 . The position of the ovule relative to the ovary varies. When 
there is a single ovule, it may be attached to the placenta at the base 
of the ovary (basal placenta), following a straight direction, and being 
erect, as in Polygonaceae and Composite* (fig. 423) ; or it may be in- 
serted a little above the base, on a parietal placenta, with the apex 
upwards (fig. 424), and then is called ascending, as in Parietaria. It 
may hang from an apicilar placenta at the summit of the ovary, the 
apex being downwards, and be inverted or pendulous, as in Ilippuris 
vulgaris (fig. 425), or from a parietal placenta near the summit, and 
be suspended , as in Daphne Mezereum (fig. 42G), Polvgnlacete, and 



424 lie 4 ‘20 


Euphorbiace®. Sometimes a long funiculus arises from a ba^al pla- 
centa, reaches the summit of the ovary, and suspends the ovule, as in 
Armeria; at other times the hilum or true organic base appears to be 
in the middle, and the ovule becomes horizontal , peltate ( pclta , a 
shield), or peritropous (mpi, around, and rp ina, I turn). All these 
modifications are influenced by th ?2 relative position of the hilum and 

Fir 423— 426 — Carpus belonging to rtiffeient flowers, cut vertically to show the different 
flu ections of the oolii.uy ovule, o, contained m them y, tuinculus. r, Itaphc. c, Chalaza. s. 
Base of the style. 

Fir. 4 Zo —Carpel of Seneao \ ula: n is, with . .1 * to ei ect anutropous ovule. 

Fig 424 —Carpel of Pnrietam ottU mahs, ’ . w .■ !■ an asc ending 01 thoti opous ovule. 

Fig 425 —Carpel Of Hippuiis a ulg.u is, Aluies-iau, with a reveised or pendulous anatropotu 
ovule 

tig. 426.— Carpel of .Daphne Mczeieuin, with a suspended anatropous ovule. 
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foramen, the length of the funiculus, and its adhesion, as well as the 
position of the placenta. 

472. When there are two ovules in the same cell, they may be 
either collateral , that is, placed side by side (fig. 427), or the one may 
be erect and the other inverted, as in some species of Spiraea and 
-ZEsculus (fig. 428), or they may be placed one above another, each 
following the same direction. Such is also the case with ovaries con- 
taining a moderate or definite number of ovules. Thus, in the ovary 
of Leguminous plants (fig. 429 ), the ovules, o , are attached to the 
extended marginal placenta, one above the other, forming usually $wo 
parallel rows corresponding to each margin of the carpel. When the 
ovules arc definite (uniform, and can be counted), it is usual to find 
their attachment so constant as to aflord good characters for natural 
orders. When the ovules are very numerous or indefinite , while *at 
the same time the placenta is not much developed, their position ex- 
hibits great variety, some being directed upwards, others downwards, 


427 

others transversely (fig. 430), and their form is altered by pressure 
into various polyhedral shapes. In such cases it frequently happens 
that some of the ovules are arrested in their development and become 
abortive. In Cryptogamous plants, in place of ovules there are cellular 
bodies called spores, to which allusion will be made when the seed is 
considered. 




4 — Functions of the Floral Envelopes. 

473. The bracts and calyx, when of a green colour, perform the 
same functions as leaves, giving off oxygen under the influence of light, 
and producing the substance called chlorophyll or phytochlor. They 

Fig. 427 — Carpel of X’Ctall'a rrrasn 1 = with two suspended collateral ovules o , One of the 
ovules. /, Funiculus f 'I m- ki<ii <>i the t 
Fig. 428.— One of the ioeuiuuients 01 rue ovary of iEsculus livbrida, laid open to show two 
ovules, o o, inseited at the same height, but turned in different directions, m nt, Miciopylc in- 
noting Mir; r ; p,*v. It ise of the style 

I I-' 42!> - Ciir,<ii oi .< , ime of Ononis rotundifolia, with several campylotropous ovules, o , . 
pm (don* a! tin < * 'h-! /, Funiculi t, Base of the style , 

rig. 430.— Loculament of the ovary of Peganum Harmala, with numerous ovules, o, attached 
to a projecting placenta, p, and pointing in different directions, s, Base of stj le. 
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are consequently concerned in the assimilation of matters fitted for the 
nutrition of the £ower, and they aid in protecting the central organs. 
The corolla does not in general produce chlorophylle, nor does it give 
off oxygen. On the contrary, it absorbs oxygen from the air. At 
the same time that oxygen is absorbed there is a conversion of starch 
into grape sugar, an evolution of carbonic acid gas, and in many 
instances a very marked elevation of temperature, caused by the com- 
bination between the carbon of the flower and the oxygen of the air. 
The starch, which is stored up in the receptacle and at the base of the 
petals, by passing into the state of dextrin and grape sugar, becomes 
fitted for vegetable nutrition. At the same time important purposes 
are served in the economy of the plant. Thus the saccharine and 
honey-like matter which often collects in the cup of the flower, and 
sometimes in special pits or depressions, as in Crown Imperial, and 
Asarabacca, attracts bees and various insects, which are thus made 
instrumental in scattering the pollen. The quantity of oxygen absorbed 
was determined by Saussure. lie found that double flowers absorbed 
less in proportion to their volume than single flowers ; that the essential 
organs contained more oxygen than the floral envelopes; and that the 
greateSt absorption took place when the stamens and pistil were mature. 

474. The following are some of Saussure’s experiments: — 


Name 

Stock, single 

Stock, double 

Tuberose, single 

Tuberose, double 

Indian Cress, single ... 
Indian Cress, double.. 
Brugmansia arborc a . , 
Fassiflora serratifolia .. 
Gourd, male ti<n\er.... 

Gourd, female 

Hibiscus speciosu^ 

Hypericum calycumm. 

Cobnea scandens 

Arum italicmn 

Tvplia latifolia 

White lily 

Castanea vulgaris 


Duration of 
L^penmeiit 

,24 lioms. 


.10 — 

.12 — 

,21 — 


Oxygen Consumed— 

By FKroc.s entire. ^ '’ 5scn ! ,al 0r G- u ‘‘ i 


11*5 limes their vol. 

7 7 

9* 

8 5 

7*25 

185 


only. 

18 ’ times their voL 


10*3 


10* 


5*4 

7*5 

0*5 


0*8 


0*3 
8 5 
7*5 
30* 


9*1 


475. While this oxidation is going on, carbon is given off in the 
form of carbonic acid, and heat is developed by the combination between 
the oxygen and earbbn. The quantity of carbonic acid given off is in 
a ratio to the amount of oxygen absorbed, and the degree of heat 
present proportionate to the activity of the chemical and vital changes 
going on. Experiments have been performed by Lamarck, Schultz, 
Saussure, Brongniart, Vrolik, and De Vriese, as to the 
ai|j<Hint of heat produced during flowering, especially by species of 
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Arum, Caladium, and Colocasia. These are plants in which the floral 
envelopes are nearly absent, while the essential orgatts, the torus and 
growing point, attain a high degree of development, forming a spadix 
enclosed in a large spatha. No heat could be detected when the 
contact of oxygen was prevented, either by putting the plants into 
other gases, or by covering the surface of the spadix with oil. The 
surface of the spadix is the part whence the heat was chiefly evolved. 
The Arum cordifolium occasionally had a temperature 20° or 30° above 
that of the surrounding air , Arum maculatum 17° to 20° ; and Arum 
Dracunculus and other species still higher. The following observations 
were made by Brongniart on the spadix of Colocasia odora. The spathe 
opened on the 14th of March ; the discharge of pollen commenced on 
the 16th, and continued till the 18th. The maximum temperature 
occurred at different hours. 



Maximum. 

Temperature 
above the Air. 


Maximum. 

Temperature 
above the Air. 

14th March. 3 p.m. 

4 5° Cent. 

17th 

5 P.M. 

11*0° Cent 

15th 

— 4 — 

10*0° 

18th 

— 11 A.M. 

8*2° 

16th 

— 5 — 

10 2° 

19th 

— 10 — 

2*5° 

476. 

Vrolik and De Vriese made a series of observations on the 

same plant, and have given the results for every half-hour. The fol- 

lowing 

are some of these results 




Hour. 

Temperature 

Temperaturo 

Ilour. 

Temperature 

Temperature 

oi Plant. 

ot Air. 

of Plant. 

of Air. 

11-30 

20-6° Cent 

18*3° Cent 

3 

25*0° Cent 

15*6° Cent 

12 

21*1 — 

18*7 — 

3-30 

24*4 — 

15*0 — 

12-30 

23*3 — * 

19*4 — 

4 

23*3 — 

15*0 — 

1 

24*4 — 

19*4 — 

5 

22*2 — 

18*7 — 

1-30 

24*4 — 

18*9 — 

6 

21*0 — 

18*7 — 

2 

25*6 — 

17*2 — 

7 

20*0 — 

18*7 — 

2-30 

26*5 — 

15*6 — 





The greatest amount of heat observed was at 2-30 p.m., when it was 
10’ 9° above the temperature of the air. On the previous day the maxi- 
mum occurred at 3 p.m., and on the following day at 3, but then it 
was only 8‘2 0 above that of the air. Decandolle states that at Mont- 
pelier, Arum italicum attained the maximum of temperature about 5 
p.m. Saussure observed similar phenomena, but to a less extent, in 
the G-ourd, where the temperature varied from 1*8° to 3'6°; also in 
Bignonia radicans, from 0*9° to 3 °. From all these experiments, it 
would appear that in the*Aracese and some other plants, especially at 
the period when the essential organs reach maturity, there is a pro- 
duction of heat, which increases during the performance of their 
functions, attaining a daily maximum, and ultimately declining. 

477* While these changes are taking place, the starch is converted 
into dextrine, and ultimately into grape-sugar, which, being soluble, 
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can be immediately applied to the purposes of the plant. The lioney- 
like matter thus formed is stored up frequently at the base of the 
petals, in little pits or nectaries, as in Fritillary, Asarum, &c. It is 
considered by Vaucher and others as performing an important office 
in fertilization, covering the stigma, and aiding in the dispersion and 
rupture of the pollen-grains. Bees and other insects, in collecting 
the saccharine matter, also scatter the pollen. 

478. Flowering takes place usually at a definite period of the plant’s 
existence. It requires a considerable amount of nutrient matter, and 
its occurrence is accompanied with a greater or less exhaustion of the 
assimilated products. Hence, a certain degree of accumulation of sap 
seems necessary in order that dowering may proceed. Annual plants 
are so exhausted after flowering as to die; but, by retarding the epoch 
tor two or more years, as by nipping off the dower-buds, time is 
allowed for accumulating sap ; the stems, from being herbaceous, be- 
come shrubby, and sometimes, as in the Tree-Mignonette, they may be 
made to live and dower for several years. Perennial plants, by the 
retardation of dowering, are enabled to accumulate a greater amount 
of nutritive matter, and thus to withstand the exhaustion. Many cul- 
tivated plants which lay up a large store of nutriment in the form of 
starch, lose it when the plants shoot out a flowering stem. This is 
seen in the case of Carrots and Turnips, in which the succulent roots 
become fibrous and unfit for food when the plants are allowed to run 
to seed The receptacle of the Artichoke and many Composite, which 
is succulent before the expansion of the flowers, becomes dry as the 
process of flowering proceeds. The juices of plants, then, when 
required for the purpose either of food or medicine, ought in general 
to be collected immediately before llow r ering. 

479 By cutting a ring out of the bark of trees, and thus retarding 
the descent of the sap, the period of flowering is sometimes hastened. 
Again, w-hen the period of flowering is long delayed, either naturally, 
as in Agave and several palms, or artificially, the process, when it does 
begin, proceeds with amazing rapidity and vigour. In such cases this 
vigorous flowering is often followed by the death of the plant. Kicliard 
mentions, that a plant of Agave, which had not flowered for nearly a 
century, sent out a flowering stem of 22^ feet in 87 days, increasing at 
one period at the rate of one foot a- day. Common fruit trees, when 
they begin to flower, often do so luxuriantly; but if, from the season 
being bad, there is a deficiency in flowering, it frequently happens that, 
from the accumulation of sap, the next year’s produce is abundant. 

480. If plants are allowed to send out their roots very extensively 
in highly nutritive soil, the tendency is to produce branches and leaves 
rather than fknvers. In such cases, cutting the roots or pruning the 
young twigs may act beneficially in checking the vegetative functions. 
In pruning, the young shoot is removed, and the buds connected with 



PETtlODS or FLOWEEING. 


243 


the branch of the previous year are left, wbiSh thus receive accumu- 
lated nourishment. Grafting, by giving an increase of assimilated 
matter to the scion or graft (see section on Fruiting), and at the same 
time checking luxuriant branching, contributes to the hastening of 
the flowering. 

481. The period of flowering of the same plant varies at different 
seasons, and in different countries. During the winter in temperate 
climates, and during the dry season in the tropics, the vegetative pro- 
cess is checked, more especially by the diminished supply of moisture, 
and the arrestment of the circulation of the sap. The assimilated 
matter remains m a state of repose, ready to be applied to the purposes 
of the plant when the moisture and heat again stimulate the vegetable 
functions. This stimulation occurs at different periods of the year, 
according to the nature of the climate. By observing the mode of 
dowering of the same species of plant in successive years, conclusions 
may be drawn as to the nature of the seasons in a country ; and by 
contrasting these peiiods in different couutiies, comparisons may be 
instituted as to the natuie of their climate. Thus valuable floral 
calendars may be constructed. 

482. Plants are accommodated to the climate in which they grow, 
and flower at certain seasons, and even when transferred to other 
climates where the seasons are reversed, they still have a tendency to 
flower at their accustomed period of the }ear. Again, in the same 
climate, some individuals of a species, from a peculiar idiosyncrasy, 
regularly flower earlier than others. Decandolle mentions a horse- 
chestnut at Geneva, which flowered always a month before the rest 
in the neighbourhood. From such individuals, by propagation, gar- 
deners are able to produce early- flowering varieties. 

483. There is a periodicity in the hours of the day at which some 

species open their flowers. Some expand early, some at mid-day, 
others in the evening. r ihe flowers of Succory open at 8 a.m., and 
close at 4 p.m.; those of Tragopogon porrifolius, or Salsafy, close 
about mid-day. Linnaeus constructed a floral clock or w r atch, in 
which the different hours were inaiked by the expansion of certain 
flowers. The periods, however, do not seem to be always so regular 
as he remarked them at Upsal. The following are a few of these 
horological flowers, with their hours of opening : 

Ipomcea N il , 

Tragopogon pratense , 

Papaver nudicaule 

Hypochseris maculata 

Various species of Sonckus and Hieracium 

Lactuca saliva 

Specularia Speculum 

Calendula pluvialis 

Anagallis arvensis 


... 3 to 4 a.m. 
.. 4 .. 5 — 
... 5 _ 

... 6 — 
... 6 ... 7 — 

.. 7 — 

| 7 ... 8 — 
... 8 — 
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Nolana prostrata ...** 8 to 9 a.m. 

Calendula arvensis 9 — 

Aren aria rubra .. 9.. .10 — 

Mesembryantbemum nodiflorum 10... 11 — 

Ornithogalura umbellatum (Dame d'onze heurts) 11 — 

Various Ficoideous plants 12 — 

Scilla pomoridiana 2 p.m, 

Silene nocti flora 5...6 — 

• CEnotbera biennis 6 — 

Mirabilis Jalapa . 6. ..7 — 

Cereus grantlifloi'us 7... 8 — 


48 i Plants which expand their flowers in the evening, as some 
species of Hesperis, Pelargonium, &c, were called by Linnaeus planter 
iristes on that account. Several species of Qooperia, and of Cereus, 
also Sceptranthus Drummondii, are nocturnal flowers. Some flowers 
open and decay in a day, and are called ephemeral , others continue to 
open and close for several days before withering. The corolla usually 
begins to fade after fecundation has been effected. Many flowers, or 
heads of flowers, do not open during cloudy or rainy weather, and 
have been called meteoric. Composite plants frequently exhibit this 
phenomenon, and it has been remarked in Anagaliis arvensis, which 
has hence been denominated the “poor man’s weather-glass.” The 
closing of many flowers in such circumstances protects the pollen from 
the injurious effects of moisture. 

485. The expansion and closing of flowers is regulated by light and 
moisture, and also by a certain law of periodicity. A plant accustomed 
to flower in day-light at a certain time, will continue to expand its 
flowers at the wonted period, even when kept in a dark room. Decan- 
dolle made a series of experiments on the flowering of plants kept 
in darkness, and in a cellar lighted by lamps. He found that the law 
of periodicity continued to operate for a considerable time, and that 
in artificial light some flowers opened, while others, such as species 
of Convolvulus, still followed the clock hours in their opening and 
closing. 

486. Light has been said also to have an effect on the direction 
which flowers assume. Some Composite, as Hypochasris radicata and 
Apargia autumnalis, are stated by Henslow to have been seen in 
meadows, where they abound, inclining their flowers towards the 
quarter of the heavens in which the sun is shining. A similar state- 
ment has been made regarding the Sun- flower, but it has not been 
confirmed in this country at least. Perhaps in its native clime, where 
the effect of the sun’s rays is gi eater, the phenomenon alluded to may 
be observable. Vaucher mentions the effects of light on the direction 
of the flowers of many plants, as Narcissuses and certain species of 
Melampyrum. 

487. It is of importance, both as regards meteorology and botanical 
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geography, that observations should be made carefully on what are 
called the annual and diurnal periods of plants: the former being the 
space of time computed between two successive returns of the leaves, 
the flowers, and the fruit ; and the latter, the return of the hour ot the 
day at which certain species of flowers open. The same species should 
be selected in different localities, and care should be taken that the 
plants are such as have determinate periods of flowering. Rules as to 
the mode of observing periodical phenomena in plants have been 
drawn up by the British Association, and a committee has been ap- 
pointed to carry this into effect. The committee has published (1.) a 
list of plants to be observed for the periods of foliation and defoliation : 
(2.) a list of plants to be noticed for flowering and ripening of the 
fruit; (3.) a list of plants to be observed at the vernal and autumnal 
equinoxes, and summer solstice, for the hours of opening and closing 
their flowers. 

5.— Functions of the Stamens and Pistil — Fertilization or Fecundation. 

488. The stamens and pistil are called the Essential Organs of 
flowering plants, inasmuch as without them reproduction cannot be 
effected. In plants which do not flower, this function is performed 
by special organs, which have been termed antheridia and archegonia, 
or is accomplished by a process of conjugation or union of cells. 
The stamens, considered as the male organs, prepare the pollen, which 
is discharged by the dehiscence of the anther. The pistil, or the 
female organ, is provided with a secreting surface or stigma, to which 
the pollen is applied in order that the ovules contained in the ovary 
may be fertilized. 

489. The existence of separate sexes in plants appears to have been 
conjectured in early times, as shown by the means taken for perfecting 
the fruit of the Date Palm. In this palm, the stamens and pistils are 
on separate plants ; and the Egyptians were in the habit of applying 
the sterile flowers to those in which the rudiments of the fruit appeared, 
in order that perfect dates might be produced. This practice appears 
to have been empirical, and not founded on correct notions as to the 
parts of the plant concerned in the process. In the case of the Fig, 
they were in the habit of bringing wild figs in contact with the culti- 
vated ones, on the erroneous supposition that a similar result was pro- 
duced as in the case of the Date, proving that they were not aware of 
the fact, that in the Fig there are stamens and pistils present on the 
same receptacle. The effect produced by the wild figs, or the process 
of caprification ( caprificus , a wild fig-tree), as it was called, seems to 
depend on the presence of a species of Cynips, which punctures the 
fruit, and causes an acceleration in ripening. The presence of sexual 
organs in plants was first shown in 1676, by Sir Thomas Millington, 
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Savilian Professor at Oxford, and Grew. The opinions of these natu- 
ralists were subsequently confirmed by Malpighi, Ray, Morland, 
Geoffrey, and others. Linnaeus made these organs the basis of his 
artificial system of classification. 

490. Numerous proofs have btfen given of the functions of the 
stamens and pistils, especially in the case of plants where these organs 
are in separate flowers, either on the same or on different plants. Thus, 
a pisfilliferous specimen of' Palm (Chamacrops humilis), in the Leyden 
Botanic Garden, which had long been unproductive, was made to pro- 
duce fruit by shaking over it the pollen from a staminifcrous specimen.. 
The same experiment has on several occasions been performed in the 
Botanic Garden at Edinburgh, and the fruit thus ripened has furnished 
seeds which have germinated. Similar results were observed in the 
case of the Pitcher plant. In Cucumbers, when the staminiferous 
flowers are removed, no perfect fruit is formed. Removing the stamens 
in the very early <4ate of the flower, before the pollen is perfectly 
formed, prevents fertilization. Care must be taken, in all such experi- 
ments, that pollen is not wafted to the pistil fiom other plants in the 
neighbourhood, and the result must be pul to the test by the germina- 
tion of the seed ; in some instances, tin* fruit enlarges independently of 
the application of the pollen, without, however, containing perfect seed. 
Thus, a species of Carica was fertilized by the application of pollen, and 
produced perfect fruit and seed, and it continued for at least one year 
afterwards to have large and apparently perfect fruit, but the ovules 
were abortive. 

491 Some authors maintain, that in the case of Hemp, Spinach, 
Lychnis dioiea, Cadebogyne, and some other plants, perfect seeds have 
been produced without the influence of pollen ; and these statements 
have been lately confirmed. Such cases are recorded as examples of 
true Parthenogenesis, or the production of perfect seeds without ferti- 
lization. In Phanerogamous or flow’d ing plants in general, however, 
all experiments lead to the conclusion that there are distinct sexual 
organs. 

492. In Cryptognmous or flow ei less plants, considerable doubts 
have been entertained as to the existence of such organs. In the 
simplest form of Cryptogamic plants, as the unicellular Red Snow, 
reproduction and nutrition progress within the same cell. As we 
ascend in the scale of vegetation, and the plant becomes more complex, 
there seem to be cells of different kinds, which require to be brought 
into contact in order that spores (which are equivalent to seeds) may 
be produced. These ropioductive cells are of two kinds, and they 
are situated either together or apart, on the same or on different 
individuals. One of these is the A utheridium , a cellular body contain- 
ing granular matter, and Pbjtozoa (([vtov, a plant, and g u i St living), 
or minute bodies which exhibit movements ; the other is the Pistilli- 
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diumov Archegonium beginning, and yl»og, offspring), containing 
spores which germinate, and which are sometimes provided with cilia 
(figs. 431 — 434), so as to become Zoospores 431 432 

(£y 0 ' ; , living, and a seed or spore), or 

moving spores. These w phytozoa. have been 
regarded as exercising a function similar to 
that of the spermatozoa in animals, and hence 
thev are sometimes called Sperrnatozoids. A 
cessation of their active movements lias been 
observed coincident with the earliest forma- 
tion of the embryo. IJofmeister states, that he 
lias often seen spernialnzmds swimming about 
around the archegonium, in longitudinal sections 
of the involucres of Jungermnnnia? ; he has also 
seen them in a motionless state after the rudiment of the fruit began 
to be developed. When the contents of the antheridia and arche- 
goma are brought into contact a cellular body is produced in the 
latter This ceil or genu, when mature, may either be discharged, 
or may remain in connection with the plant until further developed. 
In Alga 1 , antheridia have been found containing phytozoa. and pis- 
tillidia containing zoospores The same lias been observed m Fungi 
and Lichens. Mosses having antheridia and archegonia on the 
same stern generally pro\e fruitlul; when these organs are situated 
on dilleient plants, unless the) are in close proximity one to the 
other, fructification does not result. The contact of the Antheridium 
and Pistilinlmm or Archegonium is necessary tor the fertilization of 
the spore. In other cases, as in Conferva) and Diatom a ceic, there is 
a union of the cells of the plant, by conjugation , so as to produce 
germinating bodies. In these cases, the contents of on^cell pass, by 
the formation ot a tube, into the other. In Zygnema, this conjugation 
gives rise to germinating bodies in the interior of one of the cells of 
the plant, in Diatomacerc, on the outside of the cells. 

493. The union of two kinds of endochrome within, and 

colour), or of two kinds of coloured particles, appears in these plants 
to give rise to the sporangium or spore-case, and the spore. Some- 
times the two kinds of endochrome are in separate plants, as already 
noticed, and then conjugation unites them, and causes a mixture of the 
endochrome ; while in Meloseirn, &c., the different kinds are apparently 
situated in different parts ot the same cell, and movements take place 
towards the centre, by which their union is effected and a spore pro- 
duced. In Ferns, Mosses, &c., there have been detected separate 

Fi£. 431. 434 — Spores of different fiesh-water Alg®. 

- S l ),,r «s <>f a t’onlei va, with two vibratile cilia. 

Fig 432. -Spore 01 a 01 vt-;. with iour cilia. 

S ; k~£ pi,re ,,f 1 : ■ a 1 . 1 , ii.:h a cncle of cilia. 

Fig. 434 —Spore ot a Vaucheria, covered with cilia. 
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cellular bodies, the union of which is considered necessary for the 
perfection of the spores. In Ferns, the spore, when germinating, forms 
in the first instance a cellular expansion called a prothallus. On this 
prothallus, antheridia and archegonia appear. The former consist of 
a cellular papilla having a central cavity containing free cellules, 
which cellules, when escaping from the investing papillary membrane, 
discharge ciliated spiral filaments or spermatozoids. The archegonia, 
which also exist on the surface of the prothallus, consist of cellular 
papillae, in the centre of which may be traced a closed canal leading 
to a cell or ovule, which is embedded in the substance of the pro- 
thallus, and contains within it the embryo germ. The spermatozoids 
come into Contact with this embryonic cell, which ultimately becomes 
matured, and finally (while still attached to the prothallus) gives 
origin to the proper frond, bearing sporangia and spores. In Lyco- 
pods the small spores contain cellules with spermatozoids, while the 
large spores contain a cellular prothallus in their interior, on which 
archegonia are developed. By the contact of these two bodies 
the embryo plant is produced. Similar bodies also exist in Rhizo- 
carps. In many Cryptogamic plants the formation of new cells 
by a constant process of fissiparous or merismatic division 24,) 
may be considered as analogous to the formation of buds, depending 
perhaps on certain changes similar to fecundation going on in the 
interior. 

494. In flowering plants, various provisions are made for insuring 
the application of the pollen to the stigma. The comparative length 
of the stamens and pistils, their position, and the dehiscence of the 
anthers, are all regulated with this view. The existence of spiral cells 
in the endothecium has reference apparently to the bursting of the 
anther, and the scattering of the pollen. The number of pollen-grains 
produced is also very great. Hassall says that a single head of Dande- 
lion produces upwards of 240,000, each stamen of a Pseony 21,000, a 
Bulrush 144 grains by weight. It has been stated, that a single plant 
of Wisteria sinensis produced, 6,750,000 stamens, and these, if perfect, 
would have contained 27,000,000,000 pollen-grains.* In the case of 
Evergreens, such as Firs, the quantity of pollen is enormous, appa- 
rently to insure its application notwithstanding the presence of leaves. 
The pollen from pine forests has been wafted by the winds to a great 
distance, and is said to have fallen on the ground like a shower of 

• The following estimate was made of the amount of flowers, stamens, &c., In a single specimen 
of Wisteria sinensis:-- 


Number of clusters of Flowers 9,000 

individual Flowers 675,000 

retals 3,375,000 

Stamens 6,75C,000 

Ovules 4,050,000 


Forihe purpose of fertilizing these ovules, the antheis, if perfect, would have contained about 
27jp^f00,000 pollen-grains, or about 7000 grains to each ovule. 
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sulphur. It is thus that some kinds of coloured rain, occasionally wit- 
nessed, may be accounted for. The pollen powder transmitted to 
considerable distances remains floating in the air till carried down by 
some descending shower. 

495. The quantity of pollen required for impregnation varies. 
Koelreuter says, that from fifty to sixty grains of the pollen of Hibiscus 
Trionum are required to fecundate the fruit completely, containing 
&bout thirty ovules. The ovary of Nicotiana, Datura, Lychnis, and 
Dianthus, according to Gcertner, may be completely fertilized by the 
pollen of a single perfect anther. In Geum, from eight to ten anthers, 
out of eighty-four to ninety-six contained in each flower, are sufficient 
to fertilize from eighty to one hundred and thirty ovules contained in 
the ovary. 

49 G. In many trees in which the organs of reproduction are in 
separate flowers (as Hazel and Willow), the leaves are not .produced 
until fertilization has been effected. The protection of the pollen from 
the direct influence of moisture, is effected by the closing of the flowers, 
by the elasticity of the anther-coat only coming into play in dry 
weather ; and in aquatics, either by a peculiar covering, as in Zostera, 
or by the flowers being developed above water, as in Nymphsea, Lo- 
belia, Stratiotes, and Hottonia, In Yallisneria spiralis, a plant growing 
in the mud of ditches, the staminiferous plants are detached from the 
soil, float on the surface of the water, and produce there flowers and 
pollen ; while the pistilhferous plants send up a long peduncle (fig. 
228), which accommodates itself to the depth of the water by being 
spiral, and bears on its summit the flower with the pistil. By this 
means the two organs are brought into contact, and fertilization is 
effected. . Lagarosiphon muscoides, an aquatic plant from Africa, 
shows similar phenomena in regard to impregnation as are seen in 
Vallisneria. When continued wet weather comes on after the pollen 
nas been matured, and has begun to be discharged, it often happens 
that little or no fruit is produced. In flowers where the anthers 
burst in succession, the injury done by moisture is less likely to ex- 
tend to all. J 

497. In some plants the stamens, at a certain period of their develop- 
ment, move towards the pistil, so as to scatter the contents of the anther. 
In Parnassia palustris and Hue, they do so in succession. In Kalmia, 
the anthers are contained in little sacs or pouches of the corolla, until 
the pollen is mature, and when tho expansion of the corolla, and the 
elasticity of the filament, combine to liberate them, they spring towards 
the pistil with a jerk. In Parietaria officinalis, and in the Nettle, the 
spiral, filament, is kept in a folded state until the sepals expand, and 
then it rises with elastic force and scatters the pollen. Similar pheno- 
mena arS* observed in the Comus canadensis. In the various species 
of Barberry, the inner and lower ]5art of the filament is irritable, and 
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when touched it causes the stamen to move towards the pistil. This 
takes place naturally when the anther is ripe, and the recurved valves 
covered with pollen are ready to be applied to the stigma. The species 
of Stylidium have their anthers and stigma seated on a column, the 
base of which is slightly swollen and irritable When a stimulus is 
applied, this column passes with considerable force from one side of 
the flower to the other, rupturing the anther lobes, and thus aiding in 
fertilization, 

498. In certain plants the agency of insects is employed to insure 
fecundation. In species of Aristolochia, the tube of the calyx com- 
pletely encloses the organs of reproduction, and the stamens are placed 
below the stigma, so that the pollen can neither be applied directly, 
nor be carried by the winds. These plants are said to be frequented 
by insects, which enter the tubes and reach the little chamber at the 
base, with the view of collecting saccharine matter. The deflexed 
hairs in the interior of the tube prevent their escape, and in their 
movements they apply the pollen to the stigma. When this is accom- 
plished, the flower withers, and the insects escape. Orchidaceous 
plants have remarkable flowers, which resemble bees, flies, spiders, 
and in general the insects of the country in which they grow. The 
special odour of these flowers, and the large quantity of honey-like 
matter connected with the essential organs, also attract insects to 
them. These insects, in searching for food, detach the pollen 
masses, which are easily removed from the clinandrium, or the part 
of the column on which they are placed, and then naturally fall on 
the stigmatic surface. Asclepiadaceai have also pollinia, and attract 
insects by their fetid odour in some cases. Bees and aphides may 
in many instances, contribute to the process of fertilization. 

499. While the pollen is being elaborated, tlie stigma is also under- 
going changes. It becomes enlarged, and secretes a viscid matter 
ready to detain the pollen-grains when they are discharged. This 
secretion was represented by Dr. Aldridge to be, in some cases, acid ; 
but it seems more generally to be of a mucilaginous or saccharine nature. 
Vaucher thinks that the nectariferous fluid usually found in the flower 
spreads itself over the stigma, and that it is sometimes instrumental in 
conveying the pollen-grains. In Goldfussia or Ruellia anisophylla, 
and the species of Campanula, as media, Rapunculoides,and Trachelium, 
the style is covered with collecting hairs, which appear to aid in the 
application of the pollen. In the first-mentioned plant, a remarkable 
curvation of the style takes place, so as to make the stigma come into 
contact with the hairs. In Campanula, the hairs on the upper part of 
the style seem to collect the pollen, and allow it to be applied to the 
revolute branches of the stigma. In this genus the style is at first 
slightly longer than the stamens, but it soon becomes twice thdir length, 
and during its elongation, the hairs upon it brush the pollen-grains 
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out of the anther cases, and thus raise them into a position where they 
can be applied ultimately to the stigmatic surface. The stigma con- 
sists of two branches, which are at first erect, but afterwards, by 
changes in the cells, become completely revolute, so as to come into 
contact with the hairs. After the hairs have perfomed their office, 
their fine inner membrane collapses by a process of endosmose, and the 
stiff outer membrane is drawn inwards, so as to retire within its cell. 
After the pollen reaches the stigma, changes take place in it, by which 
the fovilla contained in the intine of the grains is allowed to escape. 
This fovilla consists of minute molecules exhibiting certain movements, 
which by some have been considered analogous to those of phytozoa 
in Cryptogannc plants, or spermatozoa in the animal kingdom. Others 
look upon these motions as entirely molecular. 

500. The length of time during which the pollen retains its vitality, 
or power of effecting fertilization, varies in different, plants. Accord- 
ing to Ga 3 rtner and others, the pollen of some species of Nicotiana 
retains its vitality only tor forty-eight hours* pollen of various species 
of Datura, two days; pollen of Dianthus Caryophyllus, three days; 
pollen of Lobelia splendcns, eight or nine days; pollen of Cheiranthus 
Cheiri, fourteen days , pollen of Orchis abortiva, two months , pollen of 
Candollea, one year , pollen of Date Palm, one year or more. Aiichaux 
says, that in some Palms, as Date and Chamserops humilis, the pollen 
may be applied successfully after having been carefully kept tor 
eighteen years. The pollen retains its vitality longer when not removed 
from the anthers , and the finer it is, the more quickly it loses its 
fecundating property. 

501. Theories of Enihryopeuy.— So far as the application of the 
pollen to the stigma is concerned, the process of fertilization can be 
easily traced, but the changes which are subsequently produced on 
the pollen-grain and the ovule aie very obscure, require minute 
microscopic research, and have led to numerous conflicting theories 
of Embryogeny. It has been already stated that some physiologists, 
especially Bernliardi, believe, that in the case of Hemp, Lychnis 
dioica, and some other plants, an embryo, or yo\mg plant, can be 
produced without the influence of the pollen. These views have lately 
been confirmed. It has been supposed however by some, that in Hemp, 
where the stamens and pistil are generally on separate individuals, 
there may occasionally occur instances in which they are developed 
on the same plant. It is known that this takes place in other cases. 
Thus, a specimen of ChamEcrnps humilis, or European Fan-palm, in 
the Botanic Garden ot Edinburgh, which had for upwards of twenty 
years shown pistilliferous flowers only, exhibited, in 1847 and 1848, 
both pistilliferous and staminiferous clusters, and produced perfect 
fruit without an artificial application of pollen. Again, in dioecious 
plants growing in the open air, the pollen may be carried from other 
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plants by the wind, and thus produce perfect seed. There are thus nu- 
merous sources of fallacy in Bemhardi’s observations relative to Parthe- 
nogenesis, which require to-be guarded against. Naudin has lately 
confirmed the opinions of Spallanzani and Bernhardi by experiment. 
He says that the female Hemp plant can produce perfect seeds with- 
out the action of pollen. Some, with Henslow, on the supposition of 
the correctness of Bernhardi’s views, have thought that the case 
might be analagous to that of some Aphides, where one impregnation 
is sufficient to produce several generations. Mr. Smith and Radlkofer 
state that a female plant of Coelebogyne, belonging to the natural 
order of Euphorbiaceae, produces perfect seeds in the garden at Kew, 
without any apparent contact of pollen ; and Gasparrini maintains, 
that in the 'case of the cultivated Fig, the seeds are the product of 
pistillate flowers only. Such cases, if proved, will modify the views 
entertained relative to the action of pollen. They are looked upon 
as cases of Parthenogenesis, or propagation without the action of 
pollen. The£ consist in the development of an individual from a 
cell with which no spermatozoid has come in contact. Can it be 
that, as in the case of some Cryptogamics, there arc in these anoma- 
lous cases two kinds of cells present in the same organ, some with 
fertilizing matter, and others containing the rudiments of ovules, or 
of the embryo ? 

502. The subject of Embry ogeny, or the development of the em- 
bryo in the seed, has attracted much attention of late, and numerous 
opinions have been advanced. There are discrepancies as to the 
contents of the ovule before impregnation ; some maintaining that 
the cavity of the nucleus, or the embryo-sac alone, is developed 
before the pollen is applied ; others, that be&ides it there is a utricle, 
or vesicle, in its interior, which forms the first embryonic cell. The 
tubes in contact with the ovule are by some said to be derived from 
the pollen alone ; by others, partly from the ovule itself ; and by a 
third set, partly from the conducting tissue of the style. 

503. All modern physiologists believe in the formation of pollen- 
tubes, which were so ably demonstrated by Brown in Orchidacese 
and Asclepiadaceae, and have subsequently been shown by Schleiden, 
Amici, Brongniart, Meyen, Mohl, Hofmeister, Tulasne, and others. 
These tubes, which vary in size, being often about TroVc i n °h dia- 
meter, may be easily traced in many instances, after the pollen has 
lain for a few hours on the stigma ; for instance, in Crocus, Salvia, 
Colocasia odora, Gesnera, (Enothera, and Antirrhinum (fig. 434 bis). 
In some instances the emission of tubes commences almost immedi- 
ately after the pollen has been applied to the stigma ; in other cases, 
as in Mirabitts Jalapa, it takes from 24 to 36 hours. In the Larch, 
the tubes do not emerge for 35 days. When an ovary, style, and 
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stigma are present, the tubes pass into the conducting tissue, while in 
the case of naked ovules, as in 
Coniferse and Cycadaceae, the pollen 
comes into direct contact with the 
foramen. The length to which the 
pollen-tubes extend is often very 
great. In Cereus grandiflorus, Mor- 
ren estimated that the tubes, when 
they reached the ovary, extended as 
far as 1150 times the diameter of the 
pollen-grain ; in Crinum amabile, 

Hassall says that they reach 1875 
times the diameter of the grain ; in 
Cleome speciosa, 2719 times; in 
Oxyanthus speciosus, 4489 times; 
and in Colchicum autumnale, 9000 
times. The length of time which the 
pollen - tube takes to traverse the 
conducting tissues of the style in 
Angiosperms varies. In some Gym- 
nosperms a year elapses before the 
tube reaches the embryo-sac. 

504. The extent to which the 
tubes penetrate, and the mode in 
which they give rise to the embryo, have been matters of dispute. 
Some maintain that the tubes formed by the intine proceed only 
to a certain extent down the style before rupturing to discharge the 
fovilla, so that the influence of the latter is subsequently conveyed 
to the ovule by the conducting tissue, and thus causes the formation 
of an embryo. Mirbel and Spach, from observations made on Grami- 
neee, as Zea Mais, and on the Yew and other Conifer®, were led to 
support this view. They believe that the tube does not reach the 
ovule, that a primary utricle or vesicle (the first part of the embryo) 
exists in the embryo-sac, or cavity of the nucleus, before fertilization, 
and that the fovilla is the means of determining the future develop- 
ment of an embryo in it. This utricle is attached to the embryo by 
a cellular process, or snspensor. These observations are opposed to 
Schleiden’s views, who, according to the opinions of their authors, 
was led into the error of confounding a cell of the ovule with the 
extremity of the pollen-tube. Giraud entertains the same opinion, 
founded on an examination of the ovule of Tropseolum majus. In 

Fig. 43 
Superflci 

ducting tissue, g p, Grains of pollen attached to the surface of the stigma, the extlne haring 
been ruptured, and the intine protruded in the form of tubes, tp, tp, which pierce the interstice* 
between the superficial stigmatic cells. 
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this plant he traces the formation of the amniotic or embryo-sac, and 
primary utricle or germinal vesicle of the* embryo, before impregna- 
tion, the latter being at first distinct from the sac, but subsequently 
attached to it by a suspensor ; the fovilla is brought into contact with 
the outer surface of the embryo-sac, and the first trace of the embryo 
appears in the formation of a spherical body at the inferior extremity 
o£ the primary utricle, — this spherical body resulting from a peculiar 
process of nutrition, determined by the dynamic influence of the 
fovilla. Giraud also observed a lengthening of the primary utricle 
and of its suspensor, so as to protrude through the apex of the em- 
bryo-sac, the nucleus, and the foramen, forming cells which partly 
communicate with the conducting tissue, and partly pass round the 
ovule within the carpellary cavity. By slight traction of this cellular 
process, the suspensor with the embryo may be drawn from the 
embryo-sac through the exostome. 

505. Hartig thinks that in some cases where the pollen-tube 
cannot be traced directly downwards to the ovule, there is a series of 
cells, which, from their continuity, might be mistaken for it. In some 
recent observations on Campanula rotundjfolia, Wilson appears to 
think that the pollen-tube is prolonged into the foramen of the ovule. 
Dickie has noticed, in Narthecium ossifragum, and Euphrasia officinalis 
and Odontites, a cellular process proceeding upwards from the ovule 
into the style, which he thinks may unite with the pollen-tube. 
Through Dr Dickie’s kindness, I have had an opportunity of seeing 
these ovule tubes, which appear to end in shut extremities, and not to 
have a direct communication with the pollen-tubes. These tubes (less 
than of an inch in diameter) have been traced by him from the 
interior of the embryo-sac. They are probably derived from the 
embryo itself, which, in its early state, may send out tubular prolonga- 
tions similar to those of the spores of Cryptogamic plants. Tubular 
prolongations from the ovule were long ago noticed by Mirbel, and of 
late years by Griffith and Hartig. These authors, however, seem to 
differ from Dickie, in supposing that the tubes are derived from the 
embryo-sac, or some of the coverings of the ovule. 

506. Another, or what may be called a third view of impregnation, 
is, that the pollen-tube does not stop short in the style, but proceeds 
as far as the foramen of the ovule, enters it, and is applied to the 
embryo-sac. In the case of the Mistleto, where there are no coverings 
of the ovule, and consequently no foramen, the pollen reaches the 
nucleus directly. Meyen, Amici, Mold, Mulder, and Hofmeister, are 
in favour of this theory. Meyen states, that after the pollen-tube 
becomes united to the ovule in the form of a cul de sac , the process of 
absorption goes on so as to allow the fovilla to reach the embryo-sac. 
Immediately thereafter, a development of cells takes place in the form 
of a beaded prolongation or suspensor, at the extremity of which the 
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embryo, in the form of a globular cell, is developed. The free com- 
munication between the pollen-tube and the embryo-sac ceases after 
a time ; a constriction takes place by the formation of a diagonal 
septum, and the pollen-tube either shrivels or continues for some 
time adherent to the sac. 

507. Amici also believes that the pollen-tube is applied to the sac 

of the embryo. He observes in the nucleus a large cavity, which he 
has called the embryonic vesicle (fig. 435 c ). In Cucurbita Pepo and 
Orchidaceae, he traces the tube to a certain depth into the nucleus, and 
he believes that the granular contents of the tube, which are accumu- 
lated at the extremity, are absorbed by the embryonic vesicle, so as 
to effect impregnation. Cells are then produced in the vesicle, com- 
mencing at the base, i.e. opposite to the part 
where the pollen-tube exeats its influence. The 
vesicle becomes full of granular matter ; it then 
exhibits a contraction in the middle, the lower 
part becoming appropriated to the embryo, and 
forming the true embryo-sac, while the upper 
part, in such plants as Orchis Morio and mascula, 
elongates upwards (fig. 435 <?), forming a com- 
pound filament, composed of cells with fluid 
contents. This filament traverses in an inverse 
manner the course followed by the pollen-tube, 
and passes into the interior of the placenta, being 
quite distinct from the pollen-tube, and probably 
connected in some way with the nutrition of the 435 

embryo. Sometimes the pollen-tube remains after the embryo has 
multiplied its cells. Hartig thinks, that, in different instances, the 
mode of impregnation is different. Thus he admits that the true 
pollen-tube comes into contact with the ovule in Conifer®, that in 
some Crucifer® the tubes in connection with the ovule are derived 
from the conducting tissue of the style, as maintained by Gasparrini, 
while, in certain Cupuhfer®, tubes proceed from some part of the 
ovule itself. r 

508. A fourth theory is, that the pollen-tube (fig. 436 p t\ after 
reaching the ovule, enters the foramen, ex and en , and then penetrates 
t le embryo -sac, es , or pushes the sac before it, becoming thus enclosed 
in a reflection of it. This view was supported by Schleiden, Wydler, 
Schacht, and Deecke. fechleiden made a very elaborate series of ob- 
servations on the embryo. According to him, the extremity of the 
pollen-tube did not enter the embryo-sac, but continued on the out- 
side of ff, pressing in the sac before it, and thus becoming surrounded 

Jig. 435. Ovule of Orchis mascul a, illustrating Amici’s view of fertilization, a, Pntmne.* b, 

tcunuine. c, Embryo.*, Conlenoid filament winch proceeds from the embryo towards the 
placenta, and is independent of the pollen-tube. 
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by a double layer of it. The end of |he pollen-tube (fig. 436 e) 
formed the germinal vesicle in the interior of which nuclei and cells 

were produced, which ultimately gave 
origin to the embryo, surrounded by 
the endosperm or albumen which re- 
sults from the transformation of the 
contents of the embryo-sac. The end 
of the pollen-tube within.the embryo- 
sac was then developed as the embryo, 
or a portion remained in the form of a 
suspensor, or suspensory filament, at- 
tached to the upper part of the sac. 

509. Wydler and others main- 
tained that there was no indentation 
of the sac, but that the tube entered 
it directly. Schleiden thought that 
this may be true in certain cases 
where the embryo-sac becomes elon- 
gated upwards, and the membrane becomes absorbed so as to allow the 
pollen-tube to penetrate into the interior. Schleiden thus looked 
upon the embryo as a foreign body entering from without, and sup- 
ported Ms views by eases of polyembryony in Conifer®, Cycadaceas, 
Mistleto, Onion, <fcc., where the plurality of embryos, according to 
him, depended on more than one pollen-tube having entered the fora- 
men of the ovule.* Wilson adopted Sclileiden’s views, from observa- 
tions made on Campanula rotundifolia. Tulasne, from examining 
the embryogeny of Veronica hederifolia, triphyllos, and praecox, con- 
curs in Wydler’s views relative to the pollen-tube entering the em- 
bryo-sac. Griffith, from his researches on Viscum, Santalum, 
Osyris, and Loranthus, concludes, that the pollen-tube penetrates the 
embryo -sac or cavity, and passes through it longitudinally ; and he 
seems to think that, in some cases, the embryo proceeds from cells 
developed from the end of the tube. Klotszch states that pollen-tubes 
may be seen entering the embryo-sac in Lavatera tremestris, Tobacco, 
ana some Orchidacese, after the pollen has lain from twenty-four to 
thirty-six hours on the stigma, Hofmeister admits that the pollen- 
tube, in some cases where the embryo-sac is very delicate, pushes it 
inwards to a certain extent. 

Fig. 436.— Section of ovale to illustrate Schleiden’s view of fertilization, r, Raphe, c ft, 
Chalasa. p f Primine *, Secundme. e x, Exostome. e n , Endostome. «, Nucleus, t Em- 
bryo-sao. p f, Pollen-tube, t, The embryo formed by the extremity of the pollen-tube. 

* Schleiden, eini^e Blicke auf die Entwickelunge-gescluekte tier Veget. Organism. See also 
Wydler, but la formation de l’Embryon, Annales des Sciences Naturelles, 2d series, xi 142. 
Schacht, EntwlckelangB-geschichte des Pflanzen-Embryon. Amsterdam, 1850. 
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510. Those who object to Schleiden’s views think that he mistook 
the primary utricle, or germinal vesicle, which exists in the em- 
bryo-sac before impregnation, for the end of the pollen-tube, and 
that the cellular filament attaching this to the embryo-sac is totally 
independent of the pollen- tube. Brown finds that, in the seed of 
Coniferous plants which have several embryos, there are semicylindrical 
corpuscles, three to six in number, which are arranged in a circle near 
the apex. In each of these is a distinct embryonal filament. These 
filaments frequently ramify, each of the ramifications terminating in an 
embryo. He believes that these corpuscles are not foftned by the 
pollen-tubes, and that the fact of the ramifications giving rise to rudi- 
mentary embryos is opposed to Sclileiden’s views. The corpuscles lie 
dormant for at least twelve months before being developed. In a 
female plant belonging to Cycadaceae, another polyembryonous order 
of plants, Brown has noted the formation of corpuscles at a time when 
no male flowers were known to exist in the country. These cor- 
puscles may probably be considered as analogous to embryo-sacs, or 
embryonal cavities, such as those in the Mistlcto. Henfrey states 
that in Conifers and Cycads the pollen-grains are applied immediately 
to the micropyle of the ovule, which is a large opening; that they 
traverse the cells of the nucleus, and are brought into contact with 
the embryo-sac. From the cells within this sac corpuscles become 
developed consisting of a large central cell, which, surrounded by four 
others, is accessible through a canal existing between them. The 
pollen-tube enters this canal, and impregnates the large central cell. 
From the central cell the embryonic body, or pro-embryo, and the 
suspensor, are produced. Each cell usually gives origin to four sus- 
pensors with an embryo at the extremity of each, but only one of 
these comes to maturity, 

511. Schleiden and his supporters appear now to have given up 
their views as to the end of the pollen-tube becoming the embryo. 
From carefully observing some experiments made by Kadlkofer,* 
Schleiden has been led to believe that a germinal vesicle exists in the 
embryo-sac before impregnation, and that this is what he mistook 
for the extremity of the pollen-tube. 

512. It will thus be seen that physiologists have been divided in 
their views relative to this obscure subject; and when we consider 
the minuteness of the observations, and the high microscopic powers 
required, it is not a matter of surprise that there should be numerous 
sources of fallacy. All agree in the formation of pollen-tubes; these, 
according to some, end in the cellular tissue of the style ; according 

* Radlkofcr, Die BefruchtungsprocesB im Pflanzen-rejche Leipzig, 1857. Also Ann. deg 
Sciences Naturelles, 4me aerie, tom. v. 220. 

M 2 
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to others, they reach the ovule ; the influence of the fovilla is com- 
municated to the ovule cither directly or indirectly ; the first cells of 
the embryo, some maintain, are formed by the end of the pollen-tube 
directly, while others say indirectly ; and a third party consider them 
as the result of changes induced by the action of the fovilla. 

513. The opinions which have been recently supported by Amici, 
Mold, Karl Midler, Hofmeister, and Tulasne, are those which seem to 
rest on the best foundation, viz , that at the time of the opening of 
the flower the embryo-sac exists, and that, at its upper of micropylar 
ond, one or more germ-cells or germinal vesicles are produced ; that 
the pollen-tubes pass down the style to the ovary into the foramen 
of the ovule, and come into contact with the embryo-sac, either at its 
apex or a little below it ; then an imbibition of fluids takes place ; one 
of the germ-vesiclte is fertilized, while the others disappear; and the 
fertilized cell enlarges, acquires an ovate, cylindrical, or clavate form, 
and is finally developed as the embryo with its suspensor. 

514. The formation of the process called the suspensor is variously 
accounted for. Schlcidcn considers it as a part of the pollen-tube ; 
Amici thinks that it is part of the enibryo-sac prolonged upwards, 
forming a conforvoid filament (fig. 435 e); Mohl, Mirbcl, and Spacb, 
maintain that the suspensor is produced from the germinal vesicle, 
and therefore intimately united to the embryo, which is developed 
from the lowest cells of that vesicle ; Dickie thinks that the suspensor 
may be a cord-like process sent out from the cellular embryo, reach- 
ing a certain degree of development, and sometimes sending off tubu- 
lar prolongations or filaments, as in Euphrasia and OrchidaeeflD. The 
suspenstfr is usually directed to the apex of the nucleus or the micro- 
pyle, and it is sometimes of great length. In Draba verna (fig. 485, 
2), Dickie says he observed in an embryo, ^ of an inch long, a 
suspensor three times that length. In Gnetum, Griffith mentions a 
tortuous suspensor 3^- to 5 inches long, the whole seed being only one 
inch long. 


515. Taking a comprehensive view of the whole subject, it may be 
said that the union ot two kinds of cells appears to be necessary for 
erti ization. In Cryptogamic plants this lias been traced, particularly 
in cer am cases o conjugation; where the two cells come into contact, 
a tube is formed between them, and the contents of the one unites 
with those ot the other, giving rise to a germinating body. In 
1 hanerogamic plants, also, there are two cells with different contents 
e po en gi am with its granular fovilla, and the ovule with its 
the^nrdlpn'tnt M f j S< j. are brought into connection by means of 
edb volac ' r ’ ed /' 0m the int!nc - "hich either enters .the 

eUher directlv hvT, CS -l •?° Dta °- V th the union taking place 
r„ a*. y . ex remity, °r indirectly by cellular prolongations 

f fle ™’ lductln 6 tissue, or from the ovule. By this means the 
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formation of the embryo is determined, which commences as acellular 
body or germinal vesicle, in the interior of which other cells are sub- 
sequently formed in a definite order of succession * 

516. TUe production of Hybrids. — If the pollen of one species is 
employed to fertilize the ovules of another, the seed will often pro- 
duce plants intermediate between the two parents. These are termed 
fnjbiids, and are analogous to mules in the animal kingdom. As a 
general rule, hybrids can only he produced between plants which are 
very nearly allied, as between the different species of the same genus. 
Tims, different species of Heath, Fuchsia, Cereus, Rhododendron, 
and Azalea* readily inoculate each other, and produce interme- 
diate forms It is found, however, that many plants which seem to 
be nearly related do not hydiidize. Thus, hybrids are not met 
with between the Apple and Pear, between tilt Gooseberry and 
Currant, nor between the Raspberry and Strawberiy. The ovules of 
Fuchsia coccinea, fertilized with the pollen of Fuchsia fulgens, pro- 
duce plants having intermediate terms between these two species. 
Some of the seedling plants closely resemble the one parent, and 
some the other, but they all partake more or less of the characters of 
each. By examination of the foliage, conclusions may be drawn 
as to what will be the character of the flower. Mr. Tli waites men- 
tions a case in which a seed produced two plants extremely different 
in appearance and character; one partaking rather of the character 
of Fuchsia fulgens, and the other of Fuchsia coccinea. 

517. In the case of hybridization, there appeals to be a mixture of 
matters derived from the pollen-grain and the ovule, just like the 
mixture of two endochromes in flowerless plants; and the nature of 
the hybrid depends on the preponderance of the one or other. Some 
have supposed that the pollen-grains require to be of the same form 
and dimension in order to admit of artificial union taking place; but 
this is a mere conjecture. It is, however, requisite that, for successful 
hybndizing, the pollen should be in a state of full maturity, and 
the stigma perfect. Hybrids perform the same functions as their 
parents, but they do not peipetuate themselves by seed. They 
must be propagated by offsets or cuttings. If not absolutely sterile 
at first, they usually become so in the course of the second or third 


* For opinions as to Embrynio. - ■ <i.' \ r V- , ■. in Nova acta Academ. Cff>sav. Leopold 

CaioL Nairn as Curios, Brown < : 1 !•.:■■ Orchulacese and Asclepiadaeecc, in t lie 

Transactions of the Linn ran Souety for 1833 ; Biongmart on the same subject, in Annales ties 
Sciences Naturelles, 1st senes, tom xxiv, 1-81 . U. ..*n on the Act of Impi egnation. translated 
in Taylor’s Scientific Memoirs, vol. Hi.; Amici -n 1 1 I .vomhitnm des Orchid6cs, In Annales ties 
Sciences Naturelles, 3d senes, tom. vii ; Wilson on Tiopapolum maius, and Hairs of Campanula, 
London Journal of Botany, vol. ii ; Giraud on Embuology, in the Transactions of the Edinburgh 
Botanical Society, and in the Annals of Natural History, vol v ; and on the mule of Tropceo- 
hun, m Linnacan Tiansactioris, vol xix.; Henfrey and Di.Lic on Embryology, in the Annals of 
Natural History for 184S; Griffith on the Ovule of Santaluio, Osyris, &c., in Linnasan Transac- 
tion b, \ol. xix., also Notulw ad I'lantas Asiaticas, Calcutta, 1847, Ilofmeister, m Ann. des Sc 
Nat, 3d senes, ix 65, xi. 375, 4th senes, ill. 200, Tala sue, in Ann des Sc. Nat., 3d senes, xiLSl * 
Muller, m Ann. des Sc. Nat., 8d senes, ix. 33 , llenfrey, Linn. Trans. xxi 7. * 
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generation. Herbert mentions instances of hybrid Narcissuses, from 
which he attempted in vain to obtain seed. The cause of this sterility 
has not been determined. Some have referred it to an alteration in 
the pollen. Hybrids may be fertilized, however, by the pollen taken 
from one of the parents, and then the offering assumes the characters 
of that parent. 

518. Hybrids are rarely produced naturally, as the stigma is more 
likely to be affected by the pollen of its own stamens than by that 
of other plants. In dioecious plants, however, this is not the case, 
and hence the reason, probably, of the numerous so-called species of 
Willows. Hybrids are constantly produced artificially, with the view 
of obtaining choice flowers and fruits, the plants being propagated 
afterwards by cuttings. In this way many beautiful lloses, Azaleas, 
Rhododendrons, Pansies, Cactuses, Pelargoniums, Fuchsias, Calceo- 
larias, Narcissuses, &c., have been obtained. By this process of 
inoculation, and carefully selecting the parents, gardeners are enabled 
to increase the size of the flowers, to improve their colour, to render 
tender plants hardy, and to heighten the flavour of fruits. Herbert 
thinks, from what be saw in Amaryllides, that in hybrids the flowers 
and organs of reproduction partake of the characters of the female 
parent, while the foliage and habit, or the organs of vegetation, re- 
semble the male. 

519. This subject is important as connected with the origin and 
limitation of species. If; as some of the old authors believed, there 
were only a few species originally formed, and all the rest are the 
result of hybridization, there appears to be no limit to species, and no 
permanence in their characters. This, however, is not borne out by 
facts; the generally received opinion being, that types of all the 
species now in existence were originally placed on the globe, and that, 
these have given origin to an offspring like themselves, capable of 
reproducing the species. Hybrids, on the other hand, are rare in a 
wild state, and they are seldom permanent and fertile. Even where 
they are so, there seems to be a tendency in the offspring to return 
to one or other of the oiiginal types from which they sprung. 

6.— Fruit, or tiie Pistil arrived at Maturity. 

520. After fertilization, various changes take place in the parts of 
the flower. Those more immediately concerned in the process, the 
anther and stigma, rapidly wither and decay, while the filaments and 
style often remain for some time ; the floral envelopes also become 
dry, the petals fall, and the sepals are either deciduous, or remain 

§ sistent in an altered form ; the ovary becomes enlarged, forming 
pericarp around, and fruit) ; and the ovules are 

eloped as the seeds containing the embryo-plant . The term fruit 
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is strictly applied to the mature pistil or ovary, with the seeds in its 
interior. But it often includes other parts of the flower, such as the 
bracts and floral envelopes. Thus, the fruit of the Hazel and Oak 
consists of the ovary and bracts and calyx ‘combined ; that of the 
Apple, Pear, and Gooseberry, of the ovary and calyx ; and that of 
the Pine-apple, of the ovaries and floral envelopes of several flowers 
combined. Fruits formed by the ovaries alone, as the Plum and the 
Grape, seem to be more liable to drop off and suffer from unfavourable 
weather, than those which have the calyx entering into their com- 
position, as the Gooseberry, the Melon, and the Apple. 

521. In 'general, the fruit is not ripened unless fertilization has 
been effected ; but cases occur in which the fruit swells, and becomes 
to all appearance perfect, while no s^eds are produced. Thus, there 
are seedless Oranges, Grapes, and Pine-apples. # When the seeds 
are abortive, it is common to see the fruit wither and not come 
to maturity; but in the case of Bananas, Plantains, and Bread-fruit, 
the non-development of seeds seems to lead to a larger growth, and 
a greater succulence of the fruit. 

522. In order to comprehend the structure of the fruit, it is of great 
importance to study that of the ovary in the young state. It is in this 
way only that the changes occurring in the progress of growth can be 
determined. The fruit, like the ovary, may be formed of a single 
carpel, or of several. It may have one cell or cavity, then being uni- 
locular ( unus , one, and loculus , box or cavity) ; or many, multilocular 


(multus, many), &c. The number and nature of the divisions 
on the number of carpels, and the extent to which their 
edges are folded inwards. The appearances presented by the 
ovary do not, however, always remain permanent in the fruit. 
Great changes arc observed to take place, not merely as regards 
the increased size of the ovary, its softening and hardening, 
but also in its internal structure, owing to the suppression, 
enlargement, or union of parts. In this way the parts of the 
fruit often become unsymmetrieal, that is, not equal to, or some 
multiple of, the parts of the flower ; and at times 2 
they are developed more in one direction than g ^ 
another, so as to assume an irregular appearance, 

In the Ash (fig. 437), an ovary with two cells, each wjpff'ji 
containing an ovule attached to a central placenta, lb | jj 
is changed into a unilocular fruit with one seed; Vmw 
one ovule, l , having become abortive, and the other, 
g , gradually extending until the septum is pushed \ 
to one side, becoming united to the walls of the cell, 437 


depend 


Fig. 437.— Samara, or Samaroid fruit of Fraxinus oxyphylla. 1. Entire, with its win#, a. 2. 
Lower portion cut transversely, to show thwt it consists of two locnlaxnents; one of which, /. if 
abortive, and is reduced to a very small cavity, while the other is much enlarged, and filled with 
a seed, g . 
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and the placenta appearing to be parietal. In the Oak and Hazel, an 
ovary with three cells, and two ovules in each, changes into a one- 
celled fruit with one seed. Similar changes take place in the Horse- 
chestnut, in which the remains of the abortive ovules are often seen in 
the ripe fruit. In the Coco-nut, a trilocular and triovular ovary is 
changed into a one-celled, one- seeded fruit. This abortion may depend 
on the pressure caused by the development of certain ovules, or it may 
proceed from the influence of the pollen not being communicated to 
all the ovules. Again, by the growth of the placenta, or the folding 
inwards of parts of the ovary, divisions may take place in the fruit 
which did not exist in the ovary. In Pretrea Zanguebarica, a one- 
celled ovary is changed into a four-colled fruit by the extension of the 
placenta. In Cathartocarpus Fistula (fig. 395), a one-celled ovary is 
changed into a fruit having each of its seeds in a separate cell, in con- 
sequence of spurious dissepiments being produced in a horizontal 
. manner, from the inner wall of the ovary after 
\ \ ~ fertilization. In Tribnlus terrestris, each cell of 
\Vr the ovary (fig. 438) has slight projections, c, on 
m its walls, interposed between the ovules, c, which, 

^ * C when the fruit is ripe, are seen to have formed dis- 
tin ct transverse divisions (fig. 439 c), or spurious 
dissepiments, separating the seeds, g. In Astra- 
43g gains, the folding of the doisal suture inwards con- 

verts a one-celled ovary into a two-celled fruit. 

523. The development, of cellular or pulpy matter frequently makes 
great changes in the fruit, and renders it difficult to discover its forma- 
tion. In the Strawberry, the axis becomes succulent, and boar* thecarpels 
on its convex surface; in the Pose, there is a fleshy lining of the calyx 
(sometimes called a disk), which hears the carpels on its concave sur- 
face. In the Gooseberry, Grape, Guava, Tomato, and Pomegranate, 
the seeds nestle in pulp formed apparently by the placentas. In the 
Orange, the pulpy mutter surrounding the seeds is formed by succulent 
cells, which are produced from the inner lining of the pericarp. 

524. The pistil, in its simplest state, consists of a*carpel or folded 

leaf, with ovules at its margin , and the same thing will be found in 
the fruit, where the pericarp, as in the Bean (fig. 440), represents the 
carpellary leaf, and the seeds correspond to the ovules. The pericarp 
consists usually of three layers; the external (fig. 440 e), or epicarp 
(£7n', upon, or on the outside, c, fruit), corresponding to the 

lower epidermis of the leaf; the middle (fig. 440 m), or mesocarp 
(lutoo;, middle), representing the parenchyma of the leaf; and the 
internal (iig. 440 n), or enducaip (£>3oz/, within), equivalent to the 

fj£r. 438— Coll or loculnment of tlie ov.uv of Tulmlus tovrestiis, cut veitically, to show the 
commencement of the projections, c, lumi ts.r pain" 5 , which arc into posed between the ovules, o. 

Fig 43') — 1 Tin* same in a nmlui r state, show mg the transverse pni titions, c, dividing the fruit 
into cavities, in one of which a seed, ij, is left 




FRUIT OR STATURE PISTIL. 


263 


upper epidermis of the leaf, or the epithelium of the ovary. In some 
plants, as Colutea arborescens, the pericarp retains its leaf-like appear- 
ance, but in most cases it becomes altered both in 
consistence and in colour. Sometimes the three ^ 
parts become blended together, as in the Nut; at 
other times, as in the Peach, they remain separ- 
able. In the latter fruit, the cpicarp is thickened 
by the addition of cells, and can be taken off in fewMST l|| 
the form of what is called the skin ; the mesocarp fflr 

becomes much developed, lorming the flesh or 1MS|| W 

pulp, and hence has sometimes been called sctrco- itfh § 

carp tlesh), while the endocarp becomes § 

hardened by the production of woody cells, and f 

forms the stone or pvtmnen ( putamen , a shell), lm- \sLl/ 

mediately covering the kernel or the seed. The 4M) 

same arrangement is seen in the fruit of the Cherry, Apiicot, and 
Plum. In these cases, the mesocarp is the part of the fruit which is 
eaten. In the Almond, on the other hand, the seed is used as food, 
while the shell or endocarp, with its leathery covering or mesocarp, 
and its greenish epiearp, are i ejected. The pulpy matter found in the 
interior of fruits, such as the Gooseberry, Grape, and Cathai tocarpus 
Fistula (fig. 305), is formed from the placentas, and must not be con- 
founded with the sarcocarp. 


525. In the Date, the epiearp is the outer brownish skin, the pulpy 
matter is the mesocaip or sarcocarp, and the thin papery-like lining is 
the endocarp covering the hard seed. In the Pear and Apple, the 
outer skin or epiearp is composed of the epidermis of the calyx, com- 
bined with the ovary; the fleshy portion is the mesocarp, formed by 
the cellular portion of the calyx and ovary; while the scaly layer, 
forming the walls of the seed-bearing cavities in the centre, is the 
endocarp. In the Medlar (tig. 472), the endocarp becomes of a stony 
hardness. In the Melon, the epiearp and endocarp are very thin, 
while the mesocarp forms the bulk of the fruit, varying in its texture 
and taste in the external and internal part. The rind of the Orange 
consists of epiearp and mesocarp, while the endocarp forms partitions 
in the interior, tilled with pulpy cells. 

526. Thus, while normally the divisions of the fruit ought to indi- 
cate the number of tbe carpels composing it, and these carpels should 
each have three layers forming the walls, it is found that frequently 
the divisions of a multilocular fruit are atrophied or absorbed, in whole 
or in part, and the layers become confounded together, so that they 
appear to be one. Again, in fruits formed of several carpels, the 


Fiff 440 —Lower portion of the carpel or legume of tlic Bean, Faha sativa, cut transversely, to 
wiow the structure of the pci ltvirp. JEpicarp, or external epidermis m, Mesocni p n, Endo- 
carp. s d , Dorsal suture, s t\ VentraJ suture, o, A seed situated at the upper puit of the sec- 
tion, and cut also transversely. 
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endocarp and mesocarp are occasionally so much developed as to leave 
the epicarp only on the free dorsal face of the fruit, forming a covering 
which is wholly external, as in the Castor-oil plant, Euphorbia, and 
Mallow. Occasionally, the endocarp remains attached to the centre, 
forming cells, in which the seeds are placed, while the outer layer 
tseparates from it at certain points, and leaves a row of cavities in the 
substance of the pericarp itself. 

527. While in many fruits the calyx becomes incorporated with the 
pericarp, there are otlUrs in which it is closely applied to the ovary, 
but still separable from it. Thus, in the fruit of Mirabilis Jalapa (fig. 
441, 1), when a section is made longitudinally (fig. 441, 2), the 
hardened calyx, c c, is observed distinct from the fruit, f which is in 
this instance incorporated with the seed, but at once distinguished by 
its style, s. The same thing occurs in Spinacia or Spinach. Again, 
in the Yew (fig. 442), there is an external succulent covering, ?‘c, 
formed by modified bracts, which here occupy the place of a pericarp, 
and surround the seed, g , which is naked, inasmuch as it is not con- 
tained in a true ovary with a style and stigma. 



441, 1 441, 2 


528. The part of the pericarp attached to the peduncle is called its 
base , and the part where the style or stigma existed is the apex. This 
latter is not always the mathematical apex. In Alchemilla, Labiatte, 
and Boraginaceoe, it is at the base or side (figs. 400, 401, 402). The 
style sometimes remains in a hardened form, rendering the fruit apicu- 
late ; at other times it falls off, leaving only traces of its existence. The 
presence of the style or stigma serves to distinguish certain single- 
seeded pericarps from seeds. 

529. As in the case of the carpel, so in the mature ovary formed 
of it, the edges unite towards the axis, and constitute the ventral suture 
(fig. 443 8 v), while the back, corresponding with the midrib, is the 

Fig. 441.— Fruit of Mirabilis Jalapa. 1. Entire. 2 Cut longitudinally, to show its composi- 
tion. c c. Lower part of calvx hardened, and forming an outer envelope. /, The true fruit, 
covered by the calyx. The integuments ot the fruit me incorporated with those of the seed, 
which has been also cut The fruit is distinguished by the remains of the style, s, at the aplculus 
or summit 

Fig. 442.— Fruit of Taxus haccata, the Yew. b , Imbricated bracts at its base i c, Fleshy 
envelope taking the place of the pericaip. This envelope covers the seed, p, partially, leaving 
nta apex naked. 
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dorsal suture (fig. 443 s d). The inner suture in some fruits formed 
of a single carpel, as the Apricot and Bladder senna, 
is marked by a distinct furrow or depression, conse- 
quent on the folding inwards of the carpellary edges ; 
and occasionally the outer or dorsal suture is also 
thus rendered distinctly visible. When the fi uit con- 
sists of several mature carpels, all meeting in the 
centre, and united together, then the dorsal suture is 
also visible externally ; but in cases where the *£lacen- 
tation is parietal or free central, then the edges of the 
separate carpels, being near the surface, may present 
also externally the marks of the ventral sutures. 

530. Where the sutures arc formed, there are usually two bundles 
of fibro-vascular tissue (lig. 443), one on each edge. The edges of the 
sutures are often so intimately united, as not to give way when the fruit 
is ripe. In this case it is called mdchisccnt ( in , used in the sense of 
not, and dehisco , 1 open), as in the Acorn and Nut ; at other 
times the fruit opens between the two vascular bundles, 
either at the vential or dorsal suture, so as to allow the 
seeds to escape, and then it is dehiscent ( de/tisco , I open). 

By this dehiscence the pericarp becomes divided into dif- 
ferent pieces, which are denominated valves , the fruit being 
uni valvular , bivalvular , or multi valvular, Ac., according as 
there are one, two, or many valves. These valves separate 
either completely or partially. In the latter case, the divi- 
sions may open in the form of teeth at the apex of the fruit, 
the dehiscence being apmlur , as in Caryophyllaceae (fig. 

444 v), or as partial slits of the ventral suture, when the 
carpels are only free at the apex, as in Saxiliages. 

531. indehfrccut Fruit* are either dry, as the Nut, or fleshy, as 

the Cherry and Apple. They may be formed of one or several car- 
pels ; and in the iormer case they usually contain only a single seed, 
which may become so incorporated with the pericarp as to appear to 
be naked. Such fruits are called pseudo-sperm on 8 false, and 

onezftct, seed), or false-seeded, and are well seen in the grain of Wheat. 
In such cases the presence of the style or stigma determines their true 
nature. 

532. I>ehi*»cciu Fruit*, when composed of single carpels, may open 
by the ventral suture only, as in* the follicles of Pfeony ; by the dorsal 
suture only ; or by both together, as in the legume of the Tea and 



Fiff. 443 — A single carpel of Helleborus foe ti due after dehiscence s d, Dorsal suture, tt t\ 
Ventral suture. The carpel, when mature, ojmus on tin* ventral sutuie, and foims the fruit 
denominated a follicle. 

Fig 444 -Capsule or dry seel -vessel of Cerastium tnva'e after dehiscence, c, Fe>-slstenl 
calyx, p, Pericarp dhiding at the upex, r, into ten teeth, which indicate the summits ot as 
many valves united belmv. 

N 
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Bean ; in which cases the dehiscence is called sutural When composed 
of several united carpels, the valves may separate through the dissepi- 
ments, so that the fruit will be resolved into its original carpels, as in 
Rhododendron, Colchicum, &c. This dehiscence, in consequence of 
taking place through the lamellse of the septum, is called septicidal 
(septum and ccedo , 1 cut) (figs. 445, 446). The valves may separate 



448 449 450 


from their commissure, or central line of union, carrying the placentas 
with them, or they may leave the latter in the centre, so as to form 

Fig. 445.— Capsule of Digitalis purpurea at the moment of dehiscence, when the two eavitiC 9 
e e , separate by division of the septum, d d, so as to have the appearance of distinct carpels. At 
the apex are seen the seeds, g. 

Fig. 440. — Inferior portion of the same capsule cut transversely, to show the formation of the 
septum, o, formed by the two inner faces of the carpels, c c. p p, Placentaries reflected and pro- 
jecting into the anterior of the cavities, g. Seeds. 

Fig 447. — Capsule ( tncoccous regma) of Ricmus communis, Castor-oil plant, at the moment of 
dehiscence. The three carpels or cocci, ccc, are separated from the axis, </, by which they were 
at first united (see fig. 453), and which remains in a columnar form. These cocci begin to open 
by their dorsal suture, «, d. 

Fig. 44a— Capsule of Iris opening by loculicidal dehiscence. 

Fig. 449 .— Capsule of Hibiscus csculentus, showing also loculicidal dehiscence, vvv. Valves of 
the seed-vessel, e, 8eptum or partition, g, Seeds. 

Fig. 460 . — Capsule of Cedrela angustifolia, the valves of which, v v v, separate from the septa, 
c, c, by septifragal dehiscence. The separation takes place from above downwards, in such a 
manner that the axis, o, remains in the centre, with five projecting angles, corresponding to the 
septa, p, The seeds contained in the local amenta 
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with the axis a column of a cylindrical, conical, or prismatic shape, 
which has received the designation of columella (fig. 447 c). The 
union between the edges of the carpels may be persistent, and they 
may dehisce by the dorsal suture, or through the back of the locula- 
ments, as in the Lily and Iris (fig. 448). In this case the valves are 
formed by the halves of the cells, and the septa either remain united 
to the axis, or they separate from it, carrying the placentas with them 
(fig. 449), or leaving them in the centre. This dehiscence is loculkidal 
(loculus, cell, and cmdo , I cut). Sometimes #ie fruit opens by the 
dorsal suture, and at the same time the valves or walls of the ovaries 
separate from the septa (fig. 450), leaving them attached to the centre, 
as in Datura. This is called scptifragal dehiscence (septum QXL&frango, 
I break), and may be looked upon as a modificationof the loculicidal. 
The separation of the valves takes place either from above downwards 
(fig. 450), or from below upwards (fig, 451). 

533. Sometimes the axis is prolonged as far as the base of the 
styles, as in the Mallow (fig. 452), and Castor-oil plant (fig. 453), 
the carpels being united to it by their faces, and separating from it 



•without opening. In the Umbelliferse (fig. 454), the two carpels 
separate from the lower part of the axis, and remain attached to a 
prolongation of it, called a carpophore («* e x<> f , fruit, and©ofiw,I bear), 

/« foo , t ’ ? nd fruit )i which splits into two 

(ng. 454 a), and suspends them. Hence the name crmocarp 


0pcnto « t>y valveaAom below upward. Theaters 

the axlf olo whkS f t )!^ V „°J 0 i! , ,'I <l !, foI , la ’ S! h ha ! f thc car Pela comprising It removed, to .how 
ine axis. a, to which they are attached. This axis ends at the point where the stvle a. is nro- 

a v^rticihate^ann^T “”5 lt5f k. attacl .' c £ the ax5 ^ around which they areurrangej in 
a FI? Si te Tvf^nL w T a^i U f era i fi ^r face of the two camels in front, d, is exposed, 
ilmfvif! t * apSUle ,K f ii cin , us communis, Castor-oil plant, cut vertically, to show 

Intn between the carpels, and terminating by small cords or ftinicull,/, which 

tridU!;rca™ i x™ e 'i>p.reri^“ ttac ^ *° ™ *** ***• •»* 
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I suspend), applied to this fruit. In Geraniaceee, the axis is pro- 
longed beyond the carpels, forming a carpophore, to which the styles 
are attached, and the pericarps separate from below upwards, before 
dehiscing by their dorsal suture (fig. 455). Carpels of this kind are 
called cocci (xoxxog, seed, berry), and the fruit is said to be tricoccous , 
&c., according to the number of separate carpels. In the case of 
many Euphorbiaceae, as Hura crepitans, the cocci 
separate with great force and elasticity, the cells 
being called clissilient ( dissiho , I burst). 

534. In the Siliqua, or fruit of Cruciferae, as 
Wallflower, (fig. 456), the valves separate from 
the base of the fruit, leaving a central replum , 
df frame, r. The replum is considered as being 
formed by parietal placentas, which remain attached 
to the fibro-vascular line of the suture, the valves 
giving way on either side of the suture. In Or- 
chidacem (fig. 457), the pericarp, when ripe, separates into three 
valves, by giving way only on the margins within the sutures, where • 
the placentas are united ; and when the valves fall off, the placentas 




are left in the form of three arched repla, or frames, to which the 
seeds are attached. In the case of a free central placenta, when the 
valves separate, it is sometimes difficult to tell whether the dehiscence 


Fig 451.— Fruit or cremocarp of Prurigos uloptera, an umbelliferous plant The carpels, 
menearps, or acluenia, cc, separate fiom tlie a\is, u, and are each suspended by a carpophore. 
ss , Persistent styles with swollen bases, forming an epigynous disk. 

Fig. 455— Fruit or mature carpel of Geranium stnguineutn. <\ Persistent calyx, a, Axis 
prolonged as a beak. 1 1, The styles at fiist united to the beak, and afterwards separating fi*om 
below upwards, along with the carpels, o o, winch dehisce by their doisal suture. s t Stigmas. 
The fruit is sometimes called gynobasic 

Fig. 450.— Siliqua of Clieiranthus Cheiri, Wallflower, dehiscing by two valves, v v, which 
separate from a frame or replum, r. g. Seeds arranged on either margin, s, Two-lobed stigma. 

467.— Capsule of Orchis maculata at the period of dehiscence c, Remains of the limb«f 
thiFbnlyx crowning the fruit v v. Segments of the peiicarp which are detached In the form df 
'VSlres. p p , Arched repla or placentas which leinain persistent and bear the s eds 
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Is septicidal or loculicidal, inasmuch as there are no dissepiments* 
and the placentas and seeds form a column in the axis. Their 
number, as well as their alternation or opposition, as compared with 
the sepals, will aid in determining whether the valves are the entire 
carpellary leaves, as in septicidal dehiscence, or only halves united, as 
in loculicidal. In some instances, as in Linum catliarticum,^he fruit 
opens first by loculicidal de- 
hiscence, and afterwards the 
carpels separate in a septicidal 
manner. 

585. Another mode in which 
fruits open is transversely, the 
dehiscence in this case being 
called circumscissile ( circum , 
around, and scindo , I cut). In 
such cases, the fruit or seed-ves- 
sel may be supposed to be formed 
by a number of articulated 
leaves like those of the Orange, 
the division taking place where 
the laminae join the petioles. 

In this dehiscence, the upper part of the united valves falls off in the 
form of a lid or operculum, as iu Anagallis (fig. 458), and in Hyos- 
cyamus (fig. 459), and hence the fruit is often denominated operculate 
(i operculum , a lid). In some instances the axis seems to be prolonged 
in the form of a hollow cup, and the valves appear as leaves united to 
it by articulation, similar to what occurs in the calyx of Eschscholtzia. 
In Lecythis, or the Monkey-pot, and in Couratari, the calyx is ad- 
herent to the seed-vessel, and the lid is formed at the place where the 
tube of the calyx ceases to be adherent. 

536. Transverse divisions take place occasionally in fruits formed 
by a single carpel, as in the pods of some leguminous plants. Ex- 
amples are met with in Ornithopus, Iledysarum, (fig. 4G0), Coronilla, 
&c., in which each seed is contained in a separate division, the par- 
titions being formed by the folding in of the sides of the pericarp, 
and distinct separations taking place at these partitions, by what has 
been termed solubility. Some look upon these pods as formed by 
pinnate leaves folded, and the divisions as indicating the points where 

— Pyxidium or capsule of Anagallis arvensis, opening by circumscissile dehiscence, 
c, I ersistent calyx, p, 1 ericarp divided into two, the upper part, o, in the form of a 

M or operculum. On the capsule are seen three lines passing from th* 1 1 ~ roi.u apex, and 
marking the true valves g. Seeds forming a globular mass round a central placenta. 

459. -—Operculate capsule or Pyxidium of Hyoscyamus nicer. Henbane o, Operculum or 
lid separating and allowing the seeds to appear. 

Fig. 460. — LomentaceouB legume or lomentum of Iledysarum coronarium. 1. Entire, the 
uppei division being nearly detached from the rest 2. Two of the joints cut longitudinally to 
show the spurious locularacnts, each containing a seed This seed-vessel divides Into separate 
single-seeded portions by solubility. 
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the different pairs of pinnse are united. Others do not admit this 
explanation, but regard the legume or pod as formed by the expanded 
midrib or petiole, and the pinnae as represented by the seeds. De- 
hiscence may also be effected by partial openings in the pericarp, 
called pores, which are situated either at the apex, base, or side. In 

the Poppy (fig. 409), the opening takes 
place by numerous pores under the 
peltate processes bearing the stigmas. 
t In Campanulas, there are irregular 

\ » openings towards the middle or base 

p (fig. 461 t), which pierce both the 
pericarp and the adherent calyx. In 
JIV ll Frogsmouth (fig. 462) or Snapdragon, 
*he P er ^ car P gi ves way at certain 
fixed points, forming two or three 
orifices, one of which corresponds to 
c |r the upper carpel, and the other to the 

462 lower. These orifices have a ragged 

appearance at the margins, which has given rise to the name mpturing , 
as applied to this mode of dehiscence. 

537. Cnrpoiogy. — Much has been done of late in the study of car - 

pology fruit, and *oyog, discourse), or the formation of the 

fruit ; but much still remains to be done ere the terminology of this 
department is complete. Many classifications of fruits have been 
given, but they are confessedly imperfect, and unfortunately much 
confusion has arisen in consecpience of the same names having been 
applied to different kinds of fruit. In many cases, therefore, it is 
necessary to give a description of a fruit in place of using any single 
term. There are, however, some names in general use, and others 
which have been carefully defined, to which it is necessary to direct 
attention. 

538. Fruits may be formed by one fiower, or they may be the 

product of several flowers combined. In the former case, they are 
either apocarpous (ant, separate, and fruit), or dialycarpom 

(hot^vco, I dissolve, or separate), that is, composed of one mature car- 
pel, or of several separate free carpels ; or syncarpous {yvv, together), 
that is, composed of several carpels, more or less completely united. 
These different kinds of fruits may be indehiscent (not opening), or 
dehiscent (opening). When the fruit is composed of the ovaries of 



Fig 46).— Capsule of Campanula pcrsicifolia, opening by holes or pores, tt, above the middle, 
e, Persistent calyx, Incorporated below with the pericarp, p, and sepaiating above into five 
acute segments, in the midst of which is seen the withered and plaited corolla in the form of 
lnduviaj, e. The holes perforate the walls ot the peuoarp and the calyx. 

Fig. 462.— Capsule of Antirrhinum majus, Froirsmouth, after dehiscence ec, Persistent calyx. 
p, Pencarp peiforated neai the summit by tlnee holes, tt , two ot which correspond to one of the 
locnliuncnts, and one to the other, The apex of the capsule is acuminated by the remains ot the 
Insistent style, & 
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several flowers united, it is usual to find the bracts and floral envelopes 
also joined with them, so as to form one mass ; hence such fruits are 
called multiple or antkocarpous (oivfog, flower, and fruit). The 

term simple is perhaps properly applied to fruits, which are formed by 
the ovary of a single flower, whether they are composed of one or 
several carpels, and whether these carpels are separate or combined. 
Simple fruits are hence sometimes denominated Monogyncecial 
one, yuv'i j, pistil, and o/x/ou, habitation), as being formed by one gyoen- 
eium, while multiple fruits are called polygyncecial (xoXvs, many) as 
being formed by many gynoecia. 

Fruits which are the Produce of a Single Flower . 

539. Apocarpous Fruits. — These fruits are formed out of one or 
several free carpels. They are either dry or succulent; the pericarp, 
in the former instance, remaining more or less foliaceous in its struc- 
ture, and sometimes becoming incorporated with the seed ; in the 
latter, becoming thick and fleshy, or pulpy. Some of these do not 
open when ripe, but fall entire, the pericarp either decaying, and thus 
allowing the seeds ultimately to escape, as is common in fleshy fruits, 
or remaining united to the seed, and being ruptured irregularly when 
the young plant begins to grow ; such fruits are indehiscenL Other 
apocarpous fruits, when mature, open spontaneously to discharge the 
seeds, and are dehiscent . 

540. ludchisccut Apocarpous Fruits, when formed of a single mature 
carpel, frequently contain only one seed, or are monospermous (fcovo;, 
one, and <? ^kopa,, seed). In some instances there may have been only 
one ovule originally, in others two, one of which has become abortive. 

541. The Achamium («, privative, and I open), is a dry 

monospermous fruit, the pericarp of which is closely applied to the 
seed, but separable from it (fig. 

463). It may be solitary , form- 
ing a single fruit, as in the 
Cashew (fig. 227 a), where it 
is supported on a fleshy pe- 
duncle, p ; or aggregate , as in 
Ranunculus (fig. 464), where 
several acliaenia are placed on 
a common elevated receptacle. 

In the Strawberry, the achamia 
are placed on a convex succulent receptacle. In the Rose, they are 
supported on a concave receptacle, covered by the calycine tube (fig. 

Fig 463 — Achasnium or indehiscent monosperous carpel from the pistil of a Ranunculus. 

Fig. 4G4. — 1. Similar achamium, with rough points on the pericarp, from the pistil of Ranun- 
ettlus muricatus. % Achamium cut transversely to allow the seed, o, not adherent to the 
parietes. 
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270), and in the Fig , they are placed inside the hollow peduncle or 
receptacle (fig. 246), which ultimately forms what is commonly called 
the fruit. In the Rose, the aggregate achsenia, with their general 
covering, are sometimes collectively called Cynarrhodim (kvuv, a dog, 
and tflov, a rose, seen in the dog-rose). It will thus be remarked, 
that what in common language are called the seeds of the Strawberry, 
Hose, and Fig, are in reality carpels, which are distinguished from 
seeds by the presence of styles and stigmas. The styles occasionally 
remain attached to the achaenia, in the form of feathery appendages, 
as in Clematis, where they are called caudate ( cauda , a tail). 

542. In Composite, the fruit which is sometimes called Cypsela 
(xv^t'hY}, a box), when ripe, is an achsenium united with the tube of 
the calyx (fig. 279 t). The limb of the calyx in the Composite some- 
times becomes pappose, and remains attached to the* fruit, as in 
Dandelion, Thistles, &c. (fig. 270 T). When the pericarp is thin, 
and appears like a bladder surrounding the seed, the achsenium be- 
comes a Utricle , as in Amaranthacea?. This name is often given to fruits 
which differ from the achccnium, in being composed of more than one 
carpel. When the pericarp is extended in the form of a winged ap- 
pendage, a Samara (samcra, seed of Elm) or samaroid achccnium is 
produced, as in the Ash (fig. 437), common Sycamore (fig. 4G5), and 
Iliraea (fig. 4GG). In these cases, there are usually two achsenia united, 



one of which, however, as in Fraxinus oxyphylla (fig. 437), may be 


<<vi. posed of two fjfimfirfts or winced mono- 
’■ wing. /, Lower portion conesponding 


Fig. 405. — Seed-vessel of Acer P^.i tr. ;] 
nr-wri: 1 * enrer 1 * nn.t 1 a , Uppei 
i • . 1 ■ ! ■ hi 

Fig 4fi6.-Saraara taken from the fruit of Hinea. «, Persistent stjle. I, Part corresponding to 
the loculament. a a, Mi.rgund wing m uJa. F 0 

tig 467 - Caryopsis ot V'-mIo unoule, Rye. 1. Entire. 2. Cut tiansveusely to show the teed 
adheient to the panetes ot the pencarp. J 
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abortive. The Wing (fig. 465 a) is formed by the carpel, and is either 
dorsal , i.e. a prolongation from the median vein (fig. 465 a), or marginal, 
that is, formed by the lateral veins (fig. 466 a). It surroimds the fruit 
longitudinally in the Elm. When the pericarp becomes so incorporated 
with the seed as to be inseparable from it, as in Grains of Wheat, Maize, 
Kye (fig. 467), and other grasses, then the name Caryopsis {ku^oc, a 
nut, and appearance) is given. 

543. There are some fruits which consist of two or more achsenia, 
at first united together, but which separate when ripe. Of this nature 
is the fruit of the Tropaiolum or Indian Cress, also that of Labiatm 
and Boraginacese, which is formed of four achsenia attached to the 
axis (fig. 402), whence the common style appears to proceed. Some 
of these are occasionally abortive. In the ripe state the pericarp 
separates from the seed in these cases ; and thus there is a transition 
from indehiscent aelnenia to single-seeded dehiscent pericarps. So 
also the Cremocarp (kos/xxu. to suspend), or the fruit of Umbelliferee 
(fig. 454), which is composed of two achamia united by a commissure 
to a common axis or carpophore (xa^iro^, fruit, and <p 0 ££<y, I bear), 
from which they are suspended at maturity. It is sometimes deno- 
minated diachwniuvi (olg, twice), from the union of two achamia, which 
in this instance receive the name of mericarps (^o.c, part), or hemicarps 
(rjfuavg, half, and fruit). 

541. The Nut or Glam. This is a one-celled fruit with a hardened 
pericarp, surrounded by bracts at the base, and, when mature, con- 
taining only one seed. In the young state, the ovary contains two or 
mure ovules, but only one comes to maturity. It is illustrated by the 
fruit of the Hazel and Chestnut, which are covered by leafy appendages, 
in the form of a husk, and by the Acorn, in which the leaves or bracts 
are united so as to form a cupula or cup (fig. 257). The parts of the 
pericarp of the Nut are united so as to appear one. In Sagus, or the 
8ago Palm, it is covered by peculiar closely applied scales, giving 
the appearance of a cone. 

545. The Jh-vpe ( drupcv , unripe olives). This is a succulent fruit 
covered by a pericarp, consisting of epicarp, mcsocarp, and endoearp ; 
and when mature, containing a single seed. This term is applied to 
such fruits as the Cherry, Peach, Plum, Apricot, Mango, Walnut, 
Nutmeg, and Date. The endoearp is usually hard, forming the stone 
of the fruit, which encloses the kernel or seed. The mesocarp is 
generally pulpy and succulent, so as to be truly a sarcocarp (Peach), 
but it is sometimes of a tough texture, as in the Almond, and at other 
times more or less fibrous. There is thus a transition from the Drupe 
to the Nut. Moreover, in the Almond, there are often two ovules 
formed, only one of which comes to perfection. In the Walnut, the 
endoearp, which is easily separable into two, forms prolongations which 
enter into the interior, and cause a remarkable division in the seed. 
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It has J>een sometimes called Tryma. Iii the Raspberry dud Bramble, 
several small drupes or drupels are aggregated so as to constitute an 
Etcerio (ired^, a companion). 

546. Dehiscent Apocarpous Fruits. — These open in Various Ways, 
and usually contain more than one seed, being either few-seeded, 
oUgospet'mous (ohiyog, few, and ciregfiG c, a seed), or many-seeded, poly- 
spermous (voXi/g, many). 

547. Follicle ( folllculus , a little bag). This is a mature 
carpel, containing several seeds, and opening by the ventral 
suture (tigs. 443, 4G8). It is rare to meet with a solitary 
follicle forming the fruit. There are usually several aggre- 
gated together, either in a circular manner on a shortened 
receptacle, as in Hellebore, Aconite, Delphinium, and Ascle- 
piadaceoe ; or in a spiral manner on an elongated receptacle, 
as in Magnolias, Banksias, and Liriodendron (fig. 306). 
Occasionally, as in Magnolia grandiflora, some of the lullicles 
open by the dorsal suture. 

The Legume ot Tod ( legume w, pulse) is a solitary, simple, ma- 
ture carpel, dehiscing 
by the ventral and dor- 
sal suture, and bearing 
seeds on the former. It 
characterizes legumin-. 
ous plants, and is seen 
in the Bean and Pea 
(fig. 469). In the Blad- 
der-senna (fig. 470) it 
retains, its leaf-like ap- 
pearance, and forms an 
inflated legume. In 
some Leguminosm, as 
Arachis, the fruit must 
be considered a legume, 
although it does not 
dehisce. In place of 
opening at the sutures, 
some legumes are con- 
tracted at intervals, so 



Fig 468 — Follicle or dehiscent many-seeded carpel of Aquilegia vulgaris, Columbine. Tlie 
follicle dehisceB by the vential suture only. 

Fig. 4&9.— Legume of Pisum sativum, common Pea, opened. It is formed by a single carpel, 
and dehisces by the ventral and doi sal sutuic, v v, Valves formed by the two parts of the 
pericarp, p , The epicarp or external layer of the pericarp p r , Endocarp or internal layer. 
Between these the mesocarp is situated, g \ Seeds placed one over the other, attached to the 
placenta by short funiculi or cords, ff. The placenta forms a narrow line along the ventral 
suture, s e. s d. The dorsal suture corresponding to the midrib of the carpellary leaf. 

Fig. 470,— Legume of Bladder-senna {Colutea arborescent), showing an inflated, foliaceottl 
pericarp. 
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as to include each seed in a separate cell, and when ripe, the different 
divisions of the pod separate from each other. This constitutes the 
Lomentum (lomentum y bean -meal), or lomentaceous 
legume of Hedysarum coronarium (fig. 460), Coronillas, 

Ornithopus, &c. In Medicago, the legume is twisted 
like a snail (fig. 471), and in Caesalpinia coriaria, or 
Divi-divi, it is vermiform or curved like a worm ; in 
Carmichaelia, the valves give way close to the suture, 
and separate from it, leaving a division. 

549. Syucarpons Fruii* are formed by several car- 
pels, which are so united together as to appear one in 
their mature state. These fruits are either dry or 
succulent ; in the former case, being usually dehiscent, 
in the latter, indebiscenfc. 

550. Indchisccnt Myncnrpou* Fruit*. — The Bei'ty ( bciCCCl ) is a SUCCU- 
lent fruit, in which the seeds are immersed in a pulpy mass, formed 
by the placentas. The name is usually given to such fruits as the 
Gooseberry and Currant, in which the calyx is adherent to the ovary, 
and the placentas are parietal, the seeds being ultimately detached 
from the placenta, and lying loose in the pulp. Others have applied 
it also to those in which the ovary is free, as in the Grape, Potato, and 
Ardisia, and the placentas central or free central. The latter might 
be separated under th£ name Uva (grape). In general, the name of 
baccate or berried is applied to all pulpy fruits. In the Pomegranate 
there is a peculiar baccate many-celled fruit, having a tough rind 
formed by the calyx, enclosing two rows of carpels placed above each 
other. The seeds are immersed in pulp, and are attached irregularly 
to the parietes, base, and centre. The fruit has been called Balausta 
( balaustium , llower of pomegranate), and the tough rind is called 
malicorium (a name applied to it by Pliny). 

551. The Pcpo or Peponida (prixav, a pumpkin), is illustrated by 
the fruit of the Gourd, . Melon, and other Cucurbitacese, where the 
calyx is adherent, the rind is thick and fleshy, and there are three or 
more seed-bearing parietal placentas, either surrounding a central 
cavity, or sending prolongations inwards. The fruit of the Papaw 
resembles the Pepo, but the ovary is not adherent to the calyx. 

552. The Ucspendiurn (golden fruit in the garden of Hesperides) is 
the name given to the fruit of the Orange, &c., in which the epicarp 
and mesocarp form a separable rind, and the endocarp sends prolonga- 
tions inwards, forming triangular divisions, in which pulpy cells are 
developed so as to surround the seeds which are attached to the inner 
angle. Both Pepo and Hesperidium may be considered as modifica- 
tions of the Berry. 

553. The Pome ( pomum , an apple) seen in the Apple, Pear, Quince, 

Fig. 471.— Twisted or spiral legume of Medicago, 
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&c., is a fleshy fruit with the calyx adherent, and forming along with 
the epicarp and mesocarp a thick cellular mass, which is eatable, while 
tlie endocarp is scaly or horny, and forms separate cells enclosing the 
seeds. The covering of the ceils is sometimes stony, as in the Medlar 
(fig. 472), and the Holly, forming what- has been called a Nuculanium 
( nucula , a nut). In the Medlar, the stony endocarps are called pyrenm 
the stone of the fruit). In Cornus mas (fig. 473), there are 




two stony cells, n, surrounded by the fleshy epicarp and mesocarp, and 
as they are close together, and one is often abortive (fig. 473 2 /), 
there is a direct transition to the Drupe. 

554. SyiunipouN Fruiis. — The Cppsidc ( capsula, a little 

chest). This name is applied generally to all dry syncarpous fruits, 
which open by valves or pores. The valvular capsule is observed in 
Digitalis (fig. 445), Hibiscus esculentus (fig. 449), Cedrela angustifolia 
(fig. 450), Mahogany (fig. 451), and Cerastium viscosum (fig. 444). 
Hie porous capsule is seen in the Poppy, Antirrhinum majus (fig. 4G2), 
and Campanula persicifolia (fig. 401). Sometimes the capsule opens 
by a lid, or by circumscissile dehiscence, and it is then called a 
Pyxidium (pyxis, a box), as in Anagallis arvensis (fig. 458), Henbane 
(fig. 459), and Leeythis. The capsule assumes a spiral form in the 
Helicteres, and a star-like or stellate form in Illicium anisatum. In 
certain instances, the cells of the capsule separate from each other, and 
open with elasticity to scatter the seeds. This kind of capsule is met 
with in Hura crepitans, and other Kuphorbiaceae, where the cocci, con- 
taining each a single seed, burst asunder with force (fig. 453) ; and in 
(Teraniacea 4 , where the cocci, each containing, when mature, usually 
one seed, separate from the carpophore, and become curved upwards 


Fig 472 — hraitof common iftedlai (Mpspihis germiuma) Transverse section showing e, epi- 
enrp s, Surcocarp. », hudorarp, terming s f m,\ r')vr-’n"c of the seeds The fruit has been 
called nuculamum, and llie h.ud eentrul cells i >:« i.i.- In ilie medlar, us well as m the apple, 
pear, and qmnee, the fruit, may lie considered as composed of stony or parchment-like follicles, 
covered bv a pulpy disk which lines the calyx 

Fig 473 — fruit of Cornus mas, common Cornel 1 Transverse section detaching the upper 
half **f the fleshy portion, s , so as to show the central kernel, n. 2 Transverse section of the 
fruit through the central portion, n, showing that it consisted of two loeuluments. Z, One of the 
loeulamcntg empty, the other containing a seed, < 7 . 
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by their adherent styles (fig. 455). In the former case, the * fruit 
collectively has been called Regina QrjyP'U, a rupture). 

555. The Siliqua ( siliqua , a husk or pod) (fig. 456), may be con- 
sidered as a variety of the capsule, opening by two valves ; these are 
detached from below upwards, close to the sutures, bearing thin 
parietal placentas, which are united together by a prolongation called 
a replum , or spurious dissepiment, dividing the fruit into two. The 
seeds are attached on either side of the replum, either in one row or 
in two When tl?e fruit is long and narrow, it is called Siliqua ; when 
broad and short, it is called Silicula. It occurs in cruciferous plants, 
as Wallllower, Cabbages, Cresses, &c. The siliqua may be considered 
as formed of two carpels, and two parietal placentas united together 
so as to form a two-celled seed-vessel. Some say that in its normal 
state it consists of four carpels, and that two of these are abortive. 
There are four bundles of vessels in it, one corresponding to each' 
valve, which may be called valvular or pciicarpial, and others running 
along the edge called placental. The replum consists of two lamellie. ’ 
It sometimes exhibits perfoi ations, becoming fenestrate ( fenestra , a 
window). At other times its central portion is absorbed, so that the 
fruit becomes one-oelled. 

Fruits which are the produce of several Flowers united \ 

556. It sometimes happens that the ovaries of two flowers unit^ so 
as to form a double fruit. This may be seen in many species of 
Honeysuckle. But the fruits which arc now to be 
considered, consist usually of the fl^al envelopes, as 
well as the ovaries of several flowers united into one, 
and are called Multiple or J^nthocarpous. 

557. The Sorosis (au^6g y a congeries or cluster) is 
a multiple fruit formed by a united spike of flowers, 
which becomes succulent. The fruit of the Pine- 
apple (fig. 474) is composed of numerous ovaries, 
floral envelopes, and bracts combined so as to form 
a succulent mass. The scales outside, c c, are the 
modified bracts and floral leaves, which, when the 
development of the fruit-bearing spike terminates, 
appear in the form of ordinary leaves, and constitute 
the crown, f. Other instances of a sorosis are the Bread-fruit and 1 
Jack-fruit. Sometimes a fruit of this kind resembles that formed by 
a single flower, and a superficial observer might have some difficulty 
in narking tbe difference. Thus, the Strawberry, Mulberry, and 

Fto 474.— Anthocarpous fruit of Ananassa sativo, Pine-apple. Axis beaiing numerous flowers; 
the ovaries of which are combined with the bracts, c c, to form the huit. /, Ciown of the Pine- 
apple, consisting of empty bracts or floral leuves. 
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Raspberry appear to be very like each other, but they differ totally in 
their structure. The Strawberry and Raspberry are each the produce 
of a single flower, the former being a succulent edible receptacle 
bearing achaenia on its convex surface ; the latter being a collection of 
drupes placed on a conical unpalatable receptacle ; while 
the Mulberry (flg. 475) is a sorosis formed by numerous 
flowers united together, the calyces becoming succulent, 
and investing the pericarps. 

558. Syconm {avxou, a fig,) is an antttocarpous fruit, in 
which the axis, or the extremity of the peduncle, is 
hollowed, so as to bear numerous flowers, all of which are 
united in one mass to form the fruit. The Fig (fig. 246) 
is of this nature, and ‘what are called its seeds are the 
achsenia or monospermal seed-vessels of the numerous flowers scattered 
through the pulpy hollowed axis. In Dorstenia (fig. 245), the axis is 
less deeply hollowed, and of a harder texture, the fruit exhibiting 
often very anomalous forms. 

559. Strobilus (<frg6[3t'kos, fir-cone) is a fruit-bearing spike more or 
less elongated, covered with scales, each of which represents a separate 





flower, and has two seeds at its 
base (fig. 476). The scales may be 
considered as bracts, or as flattened 
carpellary leaves, and the seeds are 
naked, as there is no true ovary 
present with its style or stigma. 
This fruit is seen in the cones of 
Firs, Spruces, Larches, Cedars, &c., 
%hich have received the name of 
Conifers?, or cone-bearing, on this 
account? The scales of the strobilus 
are sometimes thick and closely 
united, so as to form a more or 
less angular* and rounded mass, as 
in the Cypress (fig. 477); while in 
the Juniper tljey become fleshy, 
and are so incorporated as to form 
a globular fruit like a berry (fig. 


478), which has received the name of Galbulm ( galbulus , nut of the 
cypress). In the Hop the fruit is called also a strobilus, but in it the 
scales are thin and membranous, and the seeds are not naked but are 


contained in pericarps. 


Tig. 475 — Anthocarpous fruit of the Mulberry, formed by the union of several flowers. 

Fig. 476 —Cone of Finns sylvestris, Scotch Fir, consisting of numerous bracts or floral leaves, 
«*Ch of which covers two winged seeds. These seeds are called naked, in consequence of not 
Mtag contained in an ovary, with a style or stigma. 

PpRg 477.— Cone of Cupressus sempervirens, Cypress; one of the Gymnospermous or imkeu- 
Sfieded plants, like the Pine. 

bTFIg. 47a— Succulent cone or G dbulus of Junlperus macrocarpi, seas, The different scales or 
In-acts united so as to enclose the seeds. 
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660. — Tabular Arrangement of Fruits. 

A. Simple Fruits formed from a single flower, and consisting of one or more Carpels 
either separate or combined; thus including Apocarpous, Aggregate, and 
Syncarpous Fruits, 

I. Indehiscent Pericarps. 

1 . Usually containing a single seed : 

, r ( Achsenium (Lithospermum). 

Jq g- Separable from the seed < Mericnrp and Cremocarp in UmbellifertB, 

( and Cypsela in Composite. 

u/ . Achsenia enclosed in fleshy tube of Calyx, Cynarrhodum (Rose). 

^ I Inseparable from the seed Caryopsis (Grasses). 

“* Inflated Utricle (Chenopodium). 

Having a cupulate involucnim Gians (Acorn). 

Having winged appendages Samara (Sycamore). 

Covered by a Pericarp comiating of Epi-) D (Cherry). 

carp, Sarcocurp, and Kndocarp > J ' 

Drupe, with a two-valved Endocarp, having divisions extending from its inner 
surface, Tryma (Walnut). 

Aggregate Drupes, Etcerio (Raspberry). 

2. Containing two or more seeds : 




Ovary adherent to Calyx, Placenta parietal, attach-) 

ment of seeds lost when ripe > 

attachment permanent, {_ 

rind thick and hard \ 

Peculiar berried many-celled fruit, with two or more^ 

rows of Carpels \ 

Ovary not adherent to Calyx, Placenta central 

Placenta parietal. 


Having a spongy separable rind, and separable) 

(_ pulpy cells 1 

f Walls of cells or Endocarp homy, covered by a) 
a ! fleshy Mesocarp and Epicarp or calycine disk , ) 
5 ] Walls of cells or Endocarp stony, covered by a^ 
L fleshy Mesocarp and Epicarp or calycine disk,) 


Dacca (Gooseberry). 
Pepo (Gourd). 

Balausta (Pomegranate). 

,Uva (Grape). 

.Papaw fruit. 

Hesperidium (Orange). 
Pomum (Apple). 
Nuculanium (Medlar). 


II. Dehiscent Pericarps. 

“Opening by Ventrd Suture only Follicle (Pmony). 

Opening by Ventral and Dorsal Suture Legume (Pea). 

Lomentum , a Legume separating into distinct pieces, each containing a seed 
(Omithopu 8 ). 

Opmng by two valves which separate irom a Central) Siliqua (Cabbage). 

Replum or Frame J Silicula (Capsella). 

Opening by Trausverse or Circumscissile Dehiscence.... Pyxidium (Henbane). 
Opening by several valves or pores, without Ventral ) n . 

or Dorsal Suture or Replum $ Ca P sule 

Capsule adherent to Calyx Diplotegia (Campanula). 

A long pod- like Capsule ...Ceratium (Glaucium). 

Opening by separation of elastic Cocci......... Regma (Hura). 
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B. Fruits formed by the union of several Flowers, and consisting of Floral Envelopes, 
as well as Ovaries ; these are Multiple or Anthocarpous. 

Hollow Anthocarpous Fruit— Syconus (Fig). 

("formed by Indurated Catkin. — Strobilus (Fir 

Convex Anthocarpous Fruit. < - 0 .. ~ , 

. formed by Succulent opike.— Sorosis (Bread* 

h fruit 

7.— Maturation of the Pericarp. 

561. After fertilization, the parts of the ovary begin to swell, the 
foramen of the ovule is more or less closed, the stigma becomes dry, 
and the style either withers and falls off, or remains attached as a 
hardened process or apiculum ; while the embryo plant is developed 
in the ovule. It' has been stated that fruits, such as Oranges and 
Grapes, are sometimes produced without seeds. It does not appear, 
therefore, necessary for the production of fruit in all cases, that the 
process of fertilization should be complete. In speaking of seedless 
Oranges, Dr. Bullar states that the thinness of the rind of a St. Michael 
Orange, and its freedom from pips, depend on the age of the tree. 
The young trees, when in full vigour, bear fruit with a thick pulpy 
rind and abundance of seeds ; but as the vigour of the plant declines, 
the peel becomes thinner, and the seeds gradually diminish in number, 
till they disappear altogether. 

562. While the fruit enlarges, the sap is drawn towards it, and a great 
exhaustion of the juices of the plant takes place. In Annuals this ex- 
haustion is sucli as to destroy the plants ; but if they are prevented 
from bearing fruit, they may be made to live for two or more years. 
Perennials, by acquiring increased vigour, are able better 'to bear, the 
demand made upon them during fruiting. If large and highly- 
flavoured fruit is desired, it is of importance to allow an accumulation 
ol sap to take place before the plant flowers. When a very young 
plant is permitted to bear Iruit, it seldom brings it to perfection. When 
a plant produces fruit in very large quantities, gardeners are in the 
habit of thinning it early, in order that there may be an increased 
supply of' sap to that which remains. In this way, Peaches, Nectarines, 
Apricots, &c., are rendered larger and better flavoured. When the 
fruiting is checked for one season, there is an accumulation of nutritive 
matter, which has a beno^eial effect on the subsequent crop. 

563. The pericarp is at first of a green colour, and perfoitos the 
same functions as the other green parts of plants, decomposing carbonic 
acid under the agency of light, and liberating oxygen. Sau&sure 
found by experiments that all fruit* in a green state perform this pro- 
cess of deoxidation. As the pericarp advances to maturity, it either 
becomes dry or succulent. In the former case, it changes into a brown 
or n white colour, and has a quantity of ligneous matter deposited in 
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its substance, so as to acquire sometimes great hardness, when it is 
incapable of performing any active process of vegetable life; in the 
latter, it becomes fleshy in its texture, and assumes various brig] it 
tints, as red, yellow, &c. In fleshy fruits, however, there is frequently 
a deposition of ligneous cells in the endocarp, forming the stone of the 
fruit; and even in the substance of the pulpy matter or sarcocarp, 
there are found isolated cells of a similar nature, as in some varieties 
of Pear, where they cause a peculiar grittiness. The contents of the 
cells near the circumference of succulent fruits are thickened by 
exhalation, and a process of endosmose goes on, by which the thinner 
contents of the inner cells pass outwards and thus cause swelling of 
the fruit. As the fruit advances to maturity, however, this exhalation 
diminishes, the water becoming free, and entering into new combina- 
tions. In all pulpy fruits which are not green there are changes going 
on by which carbon is separated in combination with oxygen. 

564. Dry fruits may remain attached to the tree for some time 
before they are fully ripe, and ultimately separate by disarticulation. 
Occasionally, when the peiicarp is thick, it separates in layers like 
the bark. Succulent fruits contain a large quantity of water, along 
with cellulose or lignine, sugar, gummy matter or dextrine, albumen, 
colouring matter, various organic acids, as citric, malic, and tartaric, 
combined with lime and alkaline substances, besides a pulpy gelatinous 
matter, which is converted by acids into pectine or pectose, whence 
pectic acid is formed by the action of albumen. Pectine is soluble 
in water, and exists in the pulp of fruits, as Apples, Pears, Goose- 
berries, Currants, Kaspberries, Strawberries, &c. Pectic acid is said 
to consist of 2 HO, C 32 H 20 O 28 . It is changed into a jelly-like matter 
(cnjxr/c, a jelly) ; hence its use in making preserves. Each kind 
of fruit is flavouied with a peculiar aromatic substance. Starch is 
rarely present in the pericarp of the fruit, although it occurs commonly 
in the seed. In Plantains, Bananas, and Bread-fruit, however, 
especially when seedless, there is a considerable quantity of starchy 
matter, giving rise to mealiness when these fruits are prepared as fritters. 
Oily matters are also found in the cellular tissue of many fruits. Thus, 
a fixed oil occurs in the Olive, and essential oils in the Orange, Lemon, 
Lime, Hue, Dictamnus, &c. 

565. During ripening, much of the water disappears, while the 
cellulose or lignine, and the dextrine, are converted into sugar. Berard 
is of opinion that the changes in fruits are caused by the action of the 
oxygen of the air. Fremy found that fruits covered with varnish did 
not ripen. As the process of ripening becomes perfected the acids 
combine with alkalies, and thus the acidity of the fruit diminishes, 
while its sweetness increases. Tl^e formation of sugar is by some 
attributed to the action of organic acids on the vegetable constituents, 
gum^dextrme, and starch ; others think that the cellulose and lignine 

N 2 
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are similarly changed by the action of acids. The sugar of fruits is 
grape or starch sugar, called also Glucose. Its formula is C 12 H 14 O 14 . 
In the Grape, when young, there is abundance of tartaric acid ; but 
as the fruit advances to maturity, this combines with potash, so as to 
diminish the acidity. Certain fruits owe their aperient qualities to the 
saline matter which they contain. In seasons when there is little sun, 
ftnd a great abundance of moisture, succulent fruits become watery, 
and lose their flavour. The same thing frequently takes place in young 
trees with abundance of sap, and in cases where a large supply of water 
has been given artificially. 

5G6. The following analysis of the Cherry in its unripe and ripe 
state, as given by Berard, exhibits generally the chemical composition 
of succulent fruits : — 


Ohloropli vile 

Unripe. 

0 05 

Ripe. 


1 12 

18 12 


r> oi ..... 

8-23 


2*1 4 

1*12 

Albumen 

0 21 

0-57 

Malic Acid 

1-75 

2-01 

Lime 

0-14 

0-10 

Water 

88 28 

74-85 


100-00 

100-00 


The following table shows the changes produced on the water, sugar, 
and cellulose, in 100 parts of unripe and ripe fruits: — 

Water. Sugar. Cellulose. 



Urn jp *. 

Ripe. 

Unripe 

Ripe. 

Unripe. 

Ripe. 

Apricot 

.. ..80-89 

74-87 . t 

(1 04 

16 48 .. 

.... 3-61 

1 8G 

Teach 


80 24 ... 

... 0-03 

11-01 .. 

.... 8-01 

1-21 

Cherries. ... 

88-28 

74-85 ... 

... M2 

18-12 . 

.... 2-44 

M2 

Plums... .. 

. ...74-87 

71-LO ... 

... 17-71 

24 81 .. 

.... 1-26 

Ml 

Tears 

86 28 

83 88 ... 

6-45 

11*52 .. 

.... 3-80 

2-19 


5G7. It is not easy in all cases to determine the exact time when 
the fruit is ripe. In dry fruits, the period immediately before dehis- 
cence is considered as that of maturation ; but, in pulpy fruits, there 
is much uncertainty. It is usual to say that edible fruits are ripe, 
when their ingredients are in such a state of combination a9 to give 
the most agreeable flavour. This occurs at different periods in different 
fruits. After succulent fruits are ripe in the ordinary sense, so as to 
be capable of being used for food, they undergo further changes, by 
the oxidation of their tissues, even after being separated from the 
plant. In some cases, these changes improve the quality*of the fruit, 
as in the case of the Medlar, the austerity of which is thus still further 
diminished. In the Pear, this process, called by Bindley bletti^g (from 
(fee Trench, blessi), renders it soft, but still fit for food , while in the 
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Apple, it causes a decay which acts injuriously on its qualities. By 
this process of oxidation, the whole fruit is ultimately reduced to a 
putrefactive mass, which probably acts beneficially in promoting the 
germination of the seeds when the fruit drops on the ground. 

568. The period of tim^ required for ripening the fruit, varies in 
different plants. Most plants ripen their fruit, within a year from the 
time of the expansion of the flower. Some come to maturity in a few 
days, others require some months. Certain plants, as some Conifer®, 
require more than a year, and in the Metrosideros, the fruit remains 
attached to the branch for several years. The following is a general 
statement of the usual time required for the maturation of different 
kinds of fruit : — • 


Grasses .*. 13 to 45 days. 

Raspberry, Strawberry, Cherry 2 months. 

'Bird-eherry, Lime-tree 3 — 

Roses, "White-thorn, Horse-chestnut, 4 — 

Vine, Tear, Apple, Walnut, Beech, Plum, Nut, Almond, 5 to 6 — 

Olive, Savin 7 — 

Colchicum, Mistleto 8lo 9 — 

Many Conifera 10 to 12 — 


Some Comime, certain species of Oak, Metrosideros, abo\e 12 




The ripening of fruits may be accelerated by the application of heat, 
by placing dark-coloured bricks below it, and by removing a ring of* 
bark so as to lead to an accumulation of sap. It has been observed 
that plants subjected to a high temperature not unfrequently prove 
abortive, which seems to result from the over stimulation causing the 
production of unisexual flowers alone. Trees are sometimes made to 
produce fruit, by checking their roots when too luxuriant, and by 
preventing the excessive development of branches. 

569. Grafting* — A very important benefit is produced, both as re- 
gards the period of fruiting and the quality of the fruit, by the process 
of grafting. This is accomplished by taking a young twig or scion, 
called a graft, and causing it to unite to a vigorous stem or stock , thus 
enabling it to derive a larger supply of nutritive matter than it could 
otherwise obtain, and checking its vegetative powers. In place of a 
slip or cutting, a bud is sometimes taken. In order that grafting 
may be successfully performed, there must be an affinity between the 
graft and the stock as regards their sap, &c. It has often been sup- 
posed that any kinds of plants may be grafted together, and instances 
are mentioned by Virgil and Pliny, where different fruits are said to 
have been borne on the same stock. This was probably produced by 
what the French call Greffe des charlatans , — cutting down a tree within 
a short distance of the ground, and then hollowing out the stump, and 
planting within it several young trees of different species; in a few 
y v, ars they grow up together so as to fill up the cavity, and appear to 
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be one. The deception is kept up better, if some buds of the parent 
stock have been kept alive. Fortune gives an instance in the Pun- 
jaub of a Peach growing out of an old Mango tree about six or eight 
feet from the ground. In this case the Peach had its roots in the 
ground, and had grown through the hollow stem of the Mango. 

570. The object which gardeners wish to secure by grafting, is the 
improvement of the kinds of fruit, the perpetuation of good varieties, 
which could not be procured from seed, and the hastening of the period 
of the fruit- bearing Grafting a young twig on an older stock has 
the effect of making it Uower earlier than it would otherwi>e do. The 
accumulation of sap in the old stock is made beneficial to the twig, 
and a check is given at the same time to its tendency to produce 
leaves. Although the general law is, that grafting can only take 
place between plants, especially trees, of the same family, there are 
certain exceptions Loranlhaceous parasites can form a union with 
genera in d liferent orders. 

571. Mr. Knight did much to improve fruits by grafting. Ho 
Relieved, however, that a graft would not live longer than the natural 
limit of life allowed to the tree from which it lias been taken. In this 
way he endeavoured to account lor the supposed extinction of some 
valuable varieties of fiuits, such as the Golden pippin, and many cider 
apples of the seventeenth century.* He conceived that the only natural 
method of propagating plants was by seed. His views have not been 
confirmed by physiologists. Many plants are undoubtedly propagated 
naturally by shoots, buds, tubers, &c., as well as by seed ; and it is 
certain that the life of slips may be prolonged by various means, much 
beyond the usual limit of the life of the parent stock. The Sugar-cane 
is propagated naturally by the stem, the Strawberry by runners, the 
Couch-grass by creeping stems, Potatoes and Jerusalem Artichokes by 
tubers, the Tiger-lily by bulblets, and Achimenes by scaly bodies, like 
tubers. The fruits, moreover, winch Mr. Knight thought had disap- 
peared, such as Bed streak, Golden pippin, and Golden Harvey, still 
exist, and any feebleness that they exhibit does not appear to pfbceed 
from old age, but seems to bo owing to other causes, such as the nature 
of the soil, cold, violence, and mutilation. Vines have been transmitted 
by perpetual division from the time of the Komans. A slip taken 
from a Willow in Mr. Knight’s garden, pronounced by him as dying 
from old age, was planted in the Edinburgh Botanic Garden many 
years ago, and is now a vigorous tree, although the original stock has 
long since undergone decay. It is true, however, that a cutting taken 
from a specimen already exhausted by excessive development of its 
parts, will partake of the impaired vigour of its parent, and will possess 
less constitutional energy than that taken from a vigorous stock. 

572. In grafting, various methods have been adopted. One of these 

* See Knight's Hortku’tural Papers, Svo, London, 1841, p. 81. 
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is grafting by approach , or inarching, when two growing plants are 
united together, and after adhesion one is severed from its own stock, 
aud left to grow on the other. This kind of adhesion sometimes takes 
place naturally in trees growing close together. It is well seen in a 
iir-tree in the burying-ground at Killin. The branch of the same tree 
may also be bent, so as to become united to the stem at two points. 
This is often seen in the Ivy. The roots of contiguous trees occasion- 
ally unite by a process of grafting, and to this is attributed the con- 
tinued vigour of the stump of Spruce-trees cut down on the Swiss 
mountains. This natural grafting of roots has been observed in the 
White Pine {Abies pectnmta), and sometimes in the Red Pine (Abies 
ejccdsa), as well as in the Scotch Fir ( Finns sylvestris). * 

f)7<°>. The usual method of grafting is by scions or slips, which are 
applied to the stock by a sloping surface, or are inserted into slits 
in it by cleft-grafting , or into perforations by wimble or peg-grafting. 
Whip-grafting or tongue-grafting is performed by inserting a tongue 
or cleft process of the stock between the lips of a cut in the scion. 
Side- grafting resembles whip-grafting, but is performed on the side 
of the stock without heading it down. Sometimes several slips are 
placed in a circular manner round the inside of the bark of the stock 
by crown- grafting ; or the bark of a portion of the stock is removed, 
and that of the scion is hollowed out, so as to be applied over it like 
the parts of a flute, hence called flute-grafting. Budding is practised 
by the removal of a bud from one plant, along with the portion of 
the bark and new wood, and applying it to another plant, in which a 
similar wound has been made. Grafting is usually performed between 
the woody parts of the plants, but herbaceous parts may also be 
united in tins way. The graft and stock are secured by clay, or by 
bees’- wax and tallow, or by Indian rubber, gutta percha, or collodion. 

574. By grafting, all our good varieties of apples have been pro- 
duced from the Crab Apple. The seeds of the cultivated apples, when 
sown, produce plants which have a tendency to revert to the original 
sour Crab. Grafted varieties can only be propagated by cuttings. 
The influence exercised by the stock is very marked, and it is of great 
importance to select good stocks on which to graft slips. In this way 
the fruit is often much improved by a process of ennobling , as it is 
called. The scion also seems in some cases to exercise a remarkable 
effect on the stock. Slips taken from varieties with variegated leaves, 
grafted on non- variegated, have caused the leaves of the latter to 
assume variegation, and the effect, when once established, has con- 
tinued even after the slip was removed. The effects of grafting are 
well seen in the case of the Red Laburnum, when united to the Yellow 
species. The Red Laburnum is a hybrid between the common Yellow 
Laburnum and Cytisus purpureus, or the Purple Laburnum. The 
branches below the graft produce the ordinary yellow laburnum 
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Bean ; in which cases the dehiscence is called sutural When composed 
of several united carpels, the valves may separate through the dissepi- 
ments, so that the fruit will be resolved into its original carpels, as in 
Rhododendron, Colchicum, &c. This dehiscence, in consequence of 
taking place through the lamellae of the septum, is called septicidal 
( septum and ccedo, I cut) (figs. 445, 446). The valves may separate 



449 


from their commissure, or central line of union, carrying the placentas 
with them, or they may leave the latter in the centre, so as to form 


, ?L talis P nrpm ™ at the m °ment of dehiscence, when the two cavities 

the US ^en tSeed^ 6 BePtUm ’ dd ' B0&st0 have thc appearance of distinct carpels. At 

the ” ame capsnle cut transversely, to show the formation of the 

jSSg toto CC - PP ' 1 “ lacentlries rc ““* e<l “ Ki pro - 

regma) of Rictnus communis, Castor-oil plant, at tho moment of 
C i?« Ct i ’ C c < \ are sc P ar ated from the axi B , a, by which they were 
by^helrdoml^ture ^ W1Ch remams ln a columnar form. These cocci begin to open 
Fig. 448.— Capsule of Iris opening by loculicidal dehiscence. 

Fig. 449.— Capsule of Hibiscus esculentus, showing also loculicidal dehiscence, vvv, Valves of 
the seed-vessel, c. Septum or partition g, Seeds. ’ 

Fi £- ® f . Cedrela wgustifolia the valves of which, separate from the septa, 

c, c, by septlfragal dehiscence The separation takes place from above downwards, in such a 

SJta!' to flve Pr0j6Cting angle5 ' to™*™** *0 «“ 
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with the axis a column of a cylindrical, conical, or prismatic shape, 
which has received the designation of columella (tig, 447 c). The 
union between the edges of the carpels may be persistent, and they 
may dehisce by the dorsal suture, or through the back of the locula- 
ments, as in the Lily and Iris (tig. 448). In this case the valves are 
formed by the halves of the cells, and the septa either remain united 
to the axis, or they separate from it, carrying the placentas with them 
(fig. 449), or leaving them in the centre. This dehiscence is loculicidal 
(loculus, cell, and ccedo , I cut). Sometimes #ie fruit opens by the 
dorsal suture, and at the same time the valves or walls of the ovaries 
separate from the septa (fig. 450), leaving them attached to the centre, 
as in Datura. This is called septifragal dehiscence (septum and frango , 
I break), and may be looked upon as a modification^ the loculicidal. 
The separation of the valves takes place either from above downwards 
(fig. 450), or from below upwards (fig. 451). 

533. Sometimes the axis is piolonged as far as the base of the 
styles, as in the Mallow (fig. 452), and Castor-oil plant (fig. 453), 
the carpels being united to it by their faces, and separating from it 
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without opening. In the Umbelliferae (fig. 454), the two carpels 
separate, from the lower part of the axis, and remain attached to a 
prolongation of it, called a carpophore fruit, and <pogsu,l bear), 

or podocarp (to?;, foot, and fruit), which splits into two 

(fig. 454 a), and suspends them. Hence the name cremocarp (x^epav, 

Fig. 451.— Capsule of Swietenia Maliagoni, opening by valvesirom below upwards. The letters 
have the same signification as in fig. 450. 


-oey a.. 


a verticlllate manner The lateral surface of the two carpels in front, d, is exposed. 

Fig. 453 — Tricoccous capsule of liicinus communis, Castor-oil plant, cut vertically, to show 
the axis, a, prolonged between the carpels, and terminating by small cords or ftmicuU,/, which 
project into the loculaments, and are attached to seeds. Seeds exposed, each surmounted 
by a fleshy caruncula, c. pp, Pericarp. 
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I suspend), applied to this fruit. In Geraniacese, the axis is pro- 
longed beyond the carpels, forming a carpophore, to which the styles 
are attached, and the pericarps separate from below upwards, before 
dehiscing by their dorsal suture (fig. 455). Carpels of this kind are 
called cocci (koxkos, seed, berry), and the fruit is said to be tricoccou8 1 
&c., according to the number of separate carpels. In the case of 
many Eupkorbiacea?, as Hura crepitans, the cocci 
separate with great force and elasticity, the cells 
being called dissilient ( dissilio , I burst). 

534. In the Siliqua, or fruit of Cruciferae, as 
o Wallflower, (fig. 456), the valves separate from 
the base of the fruit, leaving a central replum , 
dt frame, r. The replum is considered as being 
formed by parietal placentas, which remain attached 
to the fibro-vascular line of the suture, the valves 
giving way on either side of the suture. In Or- 
chidacese (fig. 457), the pericarp, when ripe, separates into three 
valves, by giving way only on the margins within the sutures, where ■ 
the placentas are united ; and when the valves fall off, the placentas 




are left in the form of three arched repla, or frames, to which the 
seeds are attached. In the case of a free central placenta, when the 
valves separate, it is sometimes difficult to tell whether the dehiscence 


Fig 454.— Fruit or cremocarp of Prangos uloptera, an umbelliferous plant The carpels, 
mericarps, or aelueniu, or, separate from tin* axis, </, and are each suspended by a carpophore. 
5 8 , Persistent styles with swollen bases, forming an epigvnous disk. 

Fig. 455 — Fruit or matme carpel of Geranium singuineum. r. Persistent calyx, a, Axis 
prolonged as a beak. 1 1, The styles, at first united to the beak, and afterwards separating from 
below upwards, along with the cm pels, o o, winch dehisce by their dorsal suture. Stigmas. 
The fiuit is sometimes called gynobasic 


thechlyx crowning the fruit v v. Segments of ‘the peiicarp which are detached in the fynn of 
ralves. pp , Arched repla or placentas which remain persistent, and bear the s cds 
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is septicidal or loculicidal, inasmuch as there are no dissepiments, 
and the placentas and seeds form a column in the axis. Their 
number, as well as their alternation or opposition, as compared with 
the sepals, will aid in determining whether the valves are the entire 
earpellary leaves, as in septicidal dehiscence, or only halves united, as 
in loculicidal. In some instances, as in Linum catharticum,(Whe fruit 


opens first by loculicidal de- 
hiscence, and afterwards the 
carpels separate in a septicidal 
manner, 

535. Another mode in which 
fruits open is transversely, the 
dehiscence in this case being 
called circumscissile {circum, 
around, and scindo , I cut). In 
such cases, the fruit or seed-ves- 
sel maybe supposed to be formed 
by a number of articulated 
leaves like those of the Orange, 
the division taking place where 
the laminae join the petioles. 

In this dehiscence, the upper part 



the united valves falls off in the 


form of a lid or operculum, as in Anagallis (fig. 458), and in llyos- 
cyamus (fig. 459), and hence the fruit is often denominated operculate 
( operculum , a lid). In some instances the axis seems to be prolonged 
in the form of a hollow cup, and the valves appear as leaves united to 
it by articulation, similar to what occurs in the calyx of Eschscholtzia. 
In Lecythis, or the Monkey-pot, and in Couratari, the calyx is ad- 
herent to the seed-vessel, and the lid is formed at the place where the 
tube of the calyx ceases to be adherent. 


536. Transverse divisions take place occasionally in fruits formed 
by a single carpel, as in the pods of some leguminous plants. Ex- 
amples are met with in Ornithopus, lledysarum, (fig. 460), Coronilla, 
&c., in which each seed is contained in a separate division, the par- 
titions being formed by the folding in of the sides of the pericarp, 
and distinct separations taking place at these partitions, by what has 
been termed solubility . Some look upon these pods as formed by 
pinnate leaves folded, and the divisions as indicating the points where 


Fig 45$ — Pyxidium or capsule of Anngollis arvensis, opening by circumsciFsilc dehiscence. 

™ r ^ Car ^ into two, the upper part, o, separating in the form of a 


lid separating and allowing the seeds to appear. 

Fig. 460.— Lomentaceous legume or Ion ten turn of Iledysamm coronnrium. 1. Entire, the 
uppei division being nearly detached from the rest 2. Two of the joints cut longitudinally to 
show the spurious loculaments, oacli containing a seed This seed-vestal divides into separate 
single-seeded portions by solubility. 
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the different pairs of pinn© are united. Others do not admit this 
explanation, but regard the legume or pod as formed by the expanded 
midrib or petiole, and the pinnae as represented by the seeds. De- 
hiscence may also be effected by partial openings in the pericarp, 
called pores, which are situated either at the apex, base, or side. In 

the Poppy (fig. 409), the opening takes 
place by numerous pores under the 
peltate processes bearing the stigmas. 
In Campanulas, there are irregular 
openings towards the middle or base 
(fig. 461 t), which pierce both the 
pericarp and the adherent calyx. In 
Frogsmouth (fig. 462) or Snapdragon, 
the pericarp gives way at certain 
fixed points, forming two or three 
orifices, one of which corresponds to 
the upper carpel, and the other to the 
lower. These orifices have a ragged 
appearance at the margins, which has given rise to the name I'upturmg , 
as applied to this mode of dehiscence. 

537. Cnrpoiosy. — Much has been done of late in the study of car - 
pology (xu^xog, fruit, and *6yog, discourse), or the formation of the 
fruit ; but much still remains to be done ere the terminology of this 
department is complete. Many classifications of fruits have been 
given, but they are confessedly imperfect, and unfortunately much 
confusion has arisen in consequence of the same names having been 
applied to different kinds of fruit. In many cases, therefore, it is 
necessary to give a description of a fruit in place of using any single 
term. There are, however, some names in general use, and others 
which have been carefully defined, to which it is necessary to direct 
attention. 

538. Fruits may be formed by one flower, or they may be the 
product of several flowers combined. In the former case, they are 
either apocarpous separate, and xa^og, fruit), or dialycarpous 
($/#Atw, I dissolve, or separate), that is, composed of one mature car- 
pel, or of several separate free carpels ; or syncarpous (ovv, together), 
that is, composed of several carpels, more or less completely united. 
These different kinds of fruits may be indchiscent (not opening), or 
dehiscent (opening). When the fruit is composed of the ovaries of 

Fig 461.— Capsule of Campanula persieifolla, opening by holes or pores, t 1, above the middle. 
c , Fei si, stent calyx, incorpoiuted below with the pericarp, and sep.n ating above into five 
acute segments, in the midst of which is seen the withered and plaited corolla in the form of 
induviae, e. The holes pei torate the vails ot the pei ie.ii p and the calyx. 

Fig. 462.— Capsule of Antirrhinum majus, h uigsmouth, after dehiscence c c, Persistent calyx. 

Pericarp perforated neai the summit by tluee holes, it, tvo of which correspond to one of the 
loqnlnments, and one to the other. The apex of the capsule is acuminated by the remains ot tho 
parent style, s. 
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several flowers united, it is usual to find the bracts and floral envelopes 
also joined with them, so as to form one mass ; hence such fruits are 
called multiple or anthocarpous (&v6o;, flower, and fruit). The 

term simple is perhaps properly applied to fruits, which are formed by 
the ovary of a single flower, whether they are composed of one or 
several carpels, and whether these carpels are separate or combined. 
Simple fruits are hence sometimes denominated Monogyncecial 
one, yuvrj, pistil, and o/x/ou, habitation), as being formed by one gyoen- 
cium, while multiple fruits are called polygyncecial (voXug, many) as 
being formed by many gynoecia. 

Fruits which are the Produce of a Single Flower . 

539. Apocarpous Fruits. — These fruits are formed out of one or 
several free carpels. They are either dry or succulent; the pericarp, 
in the former instance, remaining more or less foliaceous in its struc- 
ture, and sometimes becoming incorporated with the seed ; in the 
latter, becoming thick and fleshy, or pulpy. Some of these do not 
open when ripe, but fall entire, the pericarp either decaying, and thus 
allowing the seeds ultimately to escape, as is common in fleshy fruits, 
or remaining united to the seed, and being ruptured irregularly when 
the young plant begins to grow' ; such fruits are indehisccnt. Other 
apocarpous fruits, when mature, open spontaneously to discharge the 
6eeds, and are dehiscent . 

540. ludchiacent Apocarpous Fruits, when formed of a single mature 

carpel, frequently contain only one seed, or are monospermous (fcovo; y 
one, and seed). In some instances there may have been only 

one ovule originally, in others two, one of which has become abortive. 

541. The Achcenium («, privative, and x<x,ivu, I open), is a dry 
monospermous fruit, the pericarp of which is closely applied to the 
seed, but separable from it (fig. 

463). It may be solitary , form- 
ing a single fruit, as in the 
Cashew (fig. 227 a), where it 
is supported on a fleshy pe- 
duncle, p ; or aggregate , as in 
Ranunculus (fig. 4G4), where 
several achaenia are placed on 
a common elevated receptacle". 

In the Strawberry, the achaenia 
are placed on a convex succulent receptacle. In the Rose, they are 
supported on a concave receptacle, covered by the calycine tube (fig. 

Fig 463. — Achaeniura or Indehlscent monosperous carpel from the pistil of a Ranunculus. 

Fig. 464.-— 1. Similar achsenium, with rough points on the pericarp, trom the pistil of Itamm- 
ctilus muricatus. 2. Aclusmuni cut transversely to show the seed, <j , not adherent to the 
parietea. 
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270), and in the Fig, they are placed inside the hollow peduncle or 
receptacle (fig. 246), which ultimately forms what is commonly called 
the fruit. In the Rose, the aggregate achsenia, with their general 
covering, are sometimes collectively called Oynarrhodwn (kvup, a dog, 
and v, a rose, seen in the dog-rose). It will thus be remarked, 
that what in common language are called the seeds of the Strawberry, 
Rose, and Fig, are in reality carpels, which are distinguished from 
seeds by the presence of styles and stigmas. The styles occasionally 
remain attached to the achoenia, in the form of feathery appendages, 
as in Clematis, where they are called caudate ( cauda , a tail). 

542. In Composite, the fruit which is sometimes called Cypsela 
(kv\P&yi, a box), when ripe, is an achsenium united with the tube of 
the calyx (fig. 279 t). The limb of the calyx in the Composite some- 
times becomes pappose, and remains attached to the* fruit, as in 
Dandelion, Thistles, &c. (fig. 279 ?)• When the pericarp is thin, 
and appears like a bladder surrounding the seed, the achcenium be- 
comes a Utricle , as in Amaranthacese. This name is often given to fruits 
which differ from the achcenium, in being composed of more than one 
carpel. When the pericarp is extended in the form of a winged ap- 
pendage, a Samara (samera, seed of Elm) or samaroid achcenium is 
produced, as in the Ash (fig. 437), common Sycamore (fig. 465), and 
Iliraea (fig, 466). In these cases, there are usually two achsenia united, 



one of which, however, as in Fraxinus oxyphylla (fig. 437), may be 


FIff. 465, Seed-vessel Acer Pscudo-pl at anus, composed of two samaras or winded mono- 
tT™ iSiSSSSto 1111 *' PPCr Pai a ,l0rsal L ^er poi tion coi responding 

n*. 466.— Samara taken fiom tl.e fruit of Hmca. Persistent style. 7, Tart corresponding to 
the loculament. « a, Mnrgnml wing or ala. v b 

467 - Caryopsis ol her., Jo meale, itye. L Entire. 2. Cut transversely to show the seed 
adheient to the parietes ot the pericarp. J 
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abortive. The Wing (fig. 465 a) is formed by the carpel, and is either 
dorsal, i.e . a prolongation from the median vein (fig. 465 a), or marginal , 
that is, formed by the lateral veins (fig. 466 a). It surrounds the fruit 
longitudinally in the Elm. When the pericarp becomes so incorporated 
with the seed as to be inseparable from it, as in Grains of Wheat, Maize, 
Rye (fig. 467), and other grasses, then the name Caryopsis a 

nut, and tyi;, appearance) is given. 

543. There are some fruits which consist of two or more achacnia, 

at first united together, but which separate when ripe. Of this nature 
is the fruit of the Tropa3olum or Indian Cress, also that of Labiata? 
and Boraginaceas, which is formed of four achaenia attached to the 
axis (fig. 402), whence the common style appears to proceed. Some 
of these are occasionally abortive. In the ripe state the pericarp 
separates from the seed in these cases ; and thus there is a transition 
from indehiscent achamia to single-seeded dehiscent pericarps. So 
also the Cremocarp (fcoe^aa, to .suspend), or the fruit of Umbelliferae 
(fig. 454), which is composed of two achamia united by a commissure 
to a common axis or carpophore (**£*•<>&, fruit, and (po^u, I bear), 
from which they are suspended at maturity. It is sometimes deno- 
minated diachcenium (o<V, twice), from the union of two achamia, which 
in this instance receive the name of mericarps part), or hemicarps 

(qfuavg, half, and koc^ xog, fruit). 

544. The Nut or Gians. This is a one-celled fruit with a hardened 
pericarp, surrounded by bracts at the base, and, when mature, con- 
taining only one seed. In the young state, the ovary contains two or 
more ovules, but only one comes to matiuity. It is illustrated by the 
fruit of the Hazel and Chestnut, which are covered by leafy appendages, 
in the form of a husl ', and by the Acorn, in which the leaves or bracts 
are united so as to form a cupula or cup (fig. 257). The parts of the 
pericarp of the Nut are united so as to appear one. In Sagus, or the 
Sago Palm, it is covered by peculiar closely applied scales, giving 
the appearance of a cone. 

545. The Dmpe ( drupcc , unripe olives). This is a succulent fruit 
covered by a pericarp, consisting of epicarp, mesocarp, and endocarp ; 
and when mature, containing a single seed. This term is applied to 
such fruits as the Cherry, Peach, Plum, Apricot, Mango, Walnut, 
Nutmeg, and Date. The endocarp is usually hard, forming the stone 
of the fruit, which encloses the kernel or seed. The mesocarp is 
generally pulpy and succulent, so as to be truly a sarcocarp (Peach), 
but it is sometimes of a tough texture, as in the Almond, and at other 
times more or less fibrous. There is thus a transition from the Drupe 
to the Nut. Moreover, in the Almond, there are often two ovules 
formed, only one of which comes to perfection. In the Walnut, the 
endocarp, which is easily separable into two, forms prolongations which 
enter into the interior, and cause a temaikable division in the seed. 
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It has been sometimes called Tryma. In the Raspberry dnd Bramble, 
several small drupes or drupels are aggregated so as to constitute an 
Etaerio (trades, a companion). 

546. Dehiscent Apocarpous Fruits. — These open in various ways, 
and usually contain more than one seed, being either few-seeded, 
6ligo8pei t mous (oA<yo$, few, and tffepfia, a seed), or many-seeded, poly- 


spermous (iroX tig, many). 

547. Follicle ( fdliculus , a little bag). Tins is a mature 
carpel, containing several seeds, and opening by the ventral 
suture (figs. 443, 468). It is rare to meet with a solitary 
follicle forming the fruit. There are usually several aggre- 
gated together, either in a circular manner on a shortened 
receptacle, as in Hellebore, Aconite, Delphinium, and Ascle- 
piadaceae ; or in a spiral manner on an elongated receptacle, 
as in Magnolias, Banksias, and Liriodendron (fig. 306). 
Occasionally, as in Magnolia grandifiura, some of the iollicles 
open by the dorsal suture. 

The Legume oi tod ( legmnen , pulse) is a solitary, simple, ma- 
ture carpel, dehiscing 
by the ventral and dor- 
sal suture, and bearing 
seeds on the former. It 
characterizes legumin- . 
ous plants, and is seen 
in the Bean and Pea 
(fig. 469). In the Blad- 
der-senna (fig. 470) it 
retains- its leaf-like ap- 
pearance, and forms an 
inflated legume. In 
some Leguminosm, as 
Arachis, the fruit must 
be considered a legume, 
although it does not 
dehisce. In place of 
opening at the sutures, 
some legumes are con- 
tracted at intervals, so 



Fig 468 —Follicle or dehiscent many-seeded carpel of Aquilegia vulgaris, Columbine. The 
follicle dehisces by the ventral suture only. 

Fig. 469.— Legume of Pi sum sativum, common Pea, opened. It is formed by a single carpel, 
and dehisces by the ventral und dorsal sutuie. v v, Valves formed by the two parts of the 
pericarp, p, Tnc epicarp or external layer of the pericarp, p', Endocarp or internal layer. 
Between these the mesoearp is situated, g , Seeds placed one over the other, attached to the 
placenta by short funiculi or cords,//. Tiie placenta forms a narrow line along the ventral 
suture, $ v. sd, The dorsal suture corresponding to the midrib of the carpellary leaf. 

Fig. 470.— Legume of Bladder-senna ( Volutea arborescent), showing an inflated, foliaceous 
pericarp. 
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as to include each seed in a separate cell, and when ripe, the different 
divisions of the pod separate from each other. This constitutes the 
Lomentum ( lomentum , bean -meal), or lomentaceous 
legume of Hedysarum coronarium (fig. 460), Coronillas, 

Ornithopus, &c. In Medicago, the legume is twisted 
like a snail (fig. 471), and in Csesalpinia eoriaria, or 
Divi-divi, it is vermiform or curved like a worm ; in 
Carmichaelia, the valves give way close to the suture, 
and separate from it, leaving a division. 

549. Syucnrpouii Fruit* are formed by several car- 
pels, which are so united together as to appear one in 
their mature state. These fruits are either dry or 
succulent ; in the former case, being usually dehiscent, 
in the latter, indehiscent. 

550. iiuichiwceut SyncarpouB Fruit*. — The Berry (paced) is a succu- 
lent fruit, in which the seeds are immersed in a pulpy mass, formed 
by the placentas. The name is usually given to such fruits as the 
Gooseberry and Currant, in which the calyx is adherent to the ovary, 
and the placentas are parietal, the seeds being ultimately detached 
from the placenta, and lying loose in the pulp. Others have applied 
it also to those in which the ovary is free, as in the Grape, Potato, and 
Ardisia, and the placentas central or free central. The latter might 
be separated under th£ name Uva (grape). In general, the name of 
baccate or beiried is applied to all pulpy fruits. In the Pomegranate 
there is a peculiar baccate many-celled fruit, having a tough rind 
formed by the calyx, enclosing two rows of carpels placed above each 
other. The seeds are immersed in pulp, and are attached irregularly 
to the parietes, base, and centre. The fruit has been called Balausia 
( balaustium , flower of pomegranate), and the tough rind is called 
malicorium (a name applied to it by Pliny). 

551. The Pepo or Peponida (xt?™*/, a pumpkin), is illustrated by 
the fruit of the Gourd, * Melon, and other Cucurbitaceae, where the 
calyx is adherent, the rind is thick and fleshy, and there are three or 
more seed-bearing parietal placentas, cither surrounding a central 
cavity, or sending prolongations inwards. The fruit of the Papaw 
resembles the Pepo, but the ovary is not adherent to the calyx. 

552. The Hespendium (golden fruit in the garden of Hesperides) is 
the name given to the fruit of the Orange, &c., in which the epicarp 
and mesocarp form a separable rind, and the endocarp sends prolonga- 
tions inwards, forming triangular divisions, in which pulpy cells are 
developed so as to surround the seeds which are attached to the inner 
angle. Both Pepo and Hesperidium may be considered as modifica- 
tions of the Berry. 

553. The Pome ( pomum , an apple) seen in the Apple, Pear, Quince, 

Fig. 471.— Twisted or spiral legume of Medicago. 
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&c., is a fleshy fruit with the calyx adherent, and forming along with 
the epicarp and mesocarp a thick cellular mass, which is eatable, while 
tlfe endocarp is scaly or horny, and forms separate cells enclosing the 
seeds. The covering of the cells is sometimes stony, as in the Medlar 
(fig. 472), and the Holly, forming whatr has been called a Nucvlanium 
(nucula, a nut). In the Medlar, the stony endocarps are called pyrencn 
the stone of the fruit). In Cornus mas (fig. 473), there are 
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two stony cells, n, surrounded by the fleshy epicarp and mesocarp, and 
as they are close together, and one is often abortive (fig. 473 2 l), 
there is a direct transition to the Drupe. 

554. Dehiscent Sj uturpouM Fruii*. — The Cgpsulc ( capsula , a little 
chest). This name is applied generally to all dry syncarpous fruits, 
which open by valves or pores. The valvular capsule is observed in 
Digitalis (fig. 445), Hibiscus esculentus (fig. 449), Ccdrcla angustifolia 
(fig. 450), Mahogany (fig. 451), and Cerastium viscosum (fig. 444). 
The porous capsule is seen in the Poppy, Antirrhinum mnjus (fig. 462), 
and Campanula persicifolia (fig. 461). Sometimes the capsule opens 
by a lid, or by circumscissile dehiscence, and it is then called a 
Pyxidium (pyxis, a box), as in Anagnllis arvensis (fig. 458), Henbane 
(fig. 459), and Lccythis. The capsule assumes a spiral form in the 
Helicteres, and a star-like or stellate form in Illicium anisatum. In 
certain instances, the cells of the capsule separate from each other, and 
open with elasticity to scatter the seeds. This kind of capsule is met 
with in Hura crepitans, and other Euphorbiacea), where the cocci, con- 
taining each a single seed, burst asunder with force (fig. 453) ; and in 
Geraniacoce, where the cocci, each containing, when mature, usually 
one seed, separate from the carpophore, and become curved upwards 

Fig 472 — Iruit of common KTedlai {Mvspilu\ qermanita) Tiansverse section showing c, epi- 
enrp s > Sarcocarp. n, Endocarp, forming stony coverings o< the seeds. The fiuit has been 
culled nuculaniuni, and the haul central cells nyrenee. In the medlar, ub well as in the apple, 
pear, and quince, the fruit may he considered as composed of stony or parchment-like follicles, 
covered by a pulpy disk which lines the calyx 

Fig 473 — Fruit of Cornus mas, common Cornel 1 Transverse section detaching the upper 
half of the fleshy portion, s, so as to show the central kernel, n. 2. Trans\cise section of the 
fruit through the central portion, n, showing that it. consisted of two loculaments, l , One of the 
tygglaments empty, the other containing a seed, <j 



a^tthocarpous fruits. 


277 1 


by tbeir adherent styles (fig. 455). In the former case, the Y fruit 
collectively has been called Regina (grjy/J'Ci, a rupture). 

555. The Siliqua (siliqua, a husk or pod) (fig. 456), may be con- 
sidered as a variety of the capsule, opening by two valves ; these are 
detached from below upwards, close to the sutures, bearing thin 
parietal placentas, which are united together by a prolongation called 
a replum , or spurious dissepiment, dividing the fruit into two. The 
seeds are attached on either side of the replum, either in one row or 
in two When tl?e fruit is long and narrow, it is called Siliqua ; when 
broad and short, it is called Sdicula. It occurs in cruciferous plants, 
as Wallllower, Cabbages, Cresses, &c. The siliqua may be considered 
as formed of two carpels, and two parietal placentas united together 
so as to form a two-celled seed-vessel. Some say that in its normal 
state it consists of four carpels, and that two of these are abortive. 
There are four bundles of vessels in it, one corresponding to each' 
valve, which may be called valvular or pa icarpial , and others running 
along the edge called placental. The replum consists of two lamella}. 1 
It sometimes exhibits perforations, becoming fenestrate ( fenestra , a 
window). At other times its central portion is absorbed, so that tho 
fruit becomes onc-celled. 

Fruits which are the produce of several Flowers united . 

556. It sometimes happens that the ovaries of two flowers unite, so 
as to form a double fruit. This may be seen in many species of 
Honeysuckle. But the fruits which are now to be 
considered, consist usually of the floral envelopes, as 
well as the ovaries of several flowers united into one, 
and are called Multiple or ^ nthocarpous . 

557. The Sorosis (o^oY, a congeries or cluster) is 
a multiple fruit formed by a united spike of flowers, 
which becomes succulent. The fruit of the Pine- 
apple (fig. 474) is composed of numerous ovaries, 
floral envelopes, and bracts combined so as to form 
a succulent mass. The scales outside, c c, are the 
modified bracts and floral leaves, which, when the 
development of the fruit-bearing spike terminates, 
appear in the form of ordinary leaves, and constitute 
the crown,/. Other instances of a sorosis are the Bread-fruit and 1 
Jack-fruit. Sometimes a fruit of this kind resembles that formed by 
a single flower, and a superficial observer might have some difficulty 
in marking the difference. Thus, the Strawberry, Mulberry, and 



Fig. 474.— -Antliocarpous fruit of Ananassa sativR, Pine-apple. Axis bearing numerous flower*; 
the ovaries of which are combined with the braets, c c, to torm the fitut. /, Crown of the Tine- 
apple, consisting of empty bracts or floral leaves. 
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Raspberry appear to be very like each other, but they differ totally in 
their structure. The Strawberry and Raspberry are each the produce 
of a single flower, the former being a succulent edible receptacle 
bearing achaenia on its convex surface ; the latter being a collection of 
drupes placed on a conical unpalatable receptacle ; while 
the Mulberry (fig. 475) is a sorosis formed by numerous 
flowers united together, the calyces becoming succulent, 
and investing the pericarps. 

558. Syconus (qZkov, a fig,) is an antllocarpous fruit, in 
which the axis, or the extremity of the peduncle, is 
hollowed, so as to bear numerous flowers, all of which are 
united in one mass to form the fruit. The Fig (fig. 246) 
is of this nature, and* what are called its seeds are the 
achsenia or monospermal seed-vessels of the numerous flowers scattered 
through the pulpy hollowed axis. In Dorstenia (fig. 245), the axis is 
less deeply hollowed, and of a harder texture, the fruit exhibiting 
often very anomalous forms. 

559. Strobilus (<rrg6f3i\os, fir-cone) is a fruit-bearing spike more or 
less elongated, covered with scales, each of which represents a separate 

flower, and has two seeds at its 
base (fig. 476). The scales may be 
considered as bracts, or as flattened 
carpellary leaves, and the seeds are 
naked, as there is no true ovary 
present with its style or stigma. 
This fruit is seen in the cones of 
Firs, Spruces, Larches, Cedars, &c., 
^hich have received the name of 
Coniferse, or cone-bearing, on this 
account? The scales of the strobilus 
are sometimes thick and closely 
united, so as to form a more or 
less angular and rounded mass, as 
in the Cypress (fig. 477); while in 
the Juniper tfyey become fleshy, 
and are so incorporated as to form 
a globular fruit like a berry (fig. 
478 ), which has received the name of Galbulus ( galbulus , nut of the 
cypress). In the Hop the fruit is called also a strobilus, but in it the 
scales are thin and membranous, and the seeds are not naked but are 
contained in pericarps. 




Fig. 475.— Anthocarpous fruit of the Mulberry, formed by the union of several flowers. * 

Fig. 476 —Cone of Pinna sylvestris, Scotch Fir, consisting of numerous bracts or floral leaves, 
each of which covers two winged seeds. These seeds are called naked, in consequence of not 
beiagocmtained in an ovary, with a style or stigma. 

|Sgai77.---Cone of Cupressus sempervirens, Cypress; one of the Gymnospermous or n*kou- 
seededrplonts, like the Pine. _ , 

Fig 478. — Succulent cone or G dbulus of J uniperus macrocarpa. e t * «, The different scales or 
Jracts united so as to enclose the seed* 
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560 Tabular Arrangement of Fruits. 

A. Simple Fruits formed from a single flower, and consisting of one or more Carpels 
either separate or combined; thus including Apocarpous, Aggregate, and 
Syncarpous Fruits, 

I. Indehiscent Pericarps. 

X. Usually containing a single seed : 

(Achaenium (Lithospermum). 

Separable from the seed <Mericarp and Cremocarp in UmbelliferJB, 

( and Cypstla in Composite. 

Achsenia enclosed in fleshy tube of Calyx, Cynarrhodum (Rose). 

Inseparable from the seed Caryopsis (Grasses). 

Inflated Utricle (Chenopodium). 

Having a cupulate involuerum Gians (Acorn). 

Having winged appendages Samara (Sycamore). 

Covered by a Pericarp, consisting of Epi-) D / Cherry \ 

carp, Sarcocarp, and Endocarp > v 

Drupe, with a two-valved Endocarp, having divisions extending from its inner 
surface, Tryma (Walnut). 

Aggregate Drupes, Etcerio (Raspberry). 

2. Containing two or more seeds : 
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Ovary adherent to Calyx, Placenta parietal, attach-) 

ment of seeds lost when ripe 

attachment permanent, [ 

rind thick and hard i 

Peculiar berried many-celled fruit, with two or raore( 

rows of Carpels j 

Ovary not adherent to Calyx, Placenta central 

Placenta parietal. 
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Bacca (Gooseberry). 
Pepo (Gourd). 

Balausta (Pomegranate). 

,Uva (Grape). 

.Papaw fruit. 

Ilesperidium (Orange). 
Pomum (Apple). 
Nuculanium (Medlar). 


Having a spongy separable rind, and separable) 

L pulpy cells ) 

f Walls of cells or Endocarp horny, covered by a) 

3 ! fleshy Mesocarp and Epicarp or ealyeme disk, ) 

J Walls of cells or Endocarp stony, covered by 
L fleshy Mesocarp and Epicarp or calycine disk,) 

II. Dehiscent Pericarps. 

Opening by Ventral Suture only Follicle (Pffiony). 

Opening by Ventral and Dorsal Suture Legume (Pea). 

Lomentum , a Legume separating into distinct pieces, each containing a seed 
(Ornithopu8), 

OpJiing by two valves which separate from a Central) Siliqua (Cabbage). 

Replum or Frame | Silicula (Capsella). 

Opening by Transverse or Circumscissile Dehiscence.... Pyxidium (Henbane), 
Opening by several valves or pores, without Ventral ) n 

or Dorsal Suture or Replum \ Ca P sule ^PP^' 

Capsule adherent to Calyx ..Diplotegia (Campanula). 

A long pod-like Capsule Ceratinm (Glaucium). 

Opening by separation of elastic Cocci Regma (Hura). 
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B. Fruits formed by the union of several Flowers, and consisting of Floral Envelopes, 
as well as Ovaries ; these are Multiple or Anthocarpous. 

Hollow Anthocarpous Fruit. — Syconus (Fig). 

( formed by Indurated Catkin. — Strobilus (Fir 

forned by Succulent Spike.-Sorosi, (Bread- 
fruit. 

7. — Maturation of tiie Pericarp. 

5G1. After fertilization, the parts of the ovary begin to swell, the 
foramen of the ovule is more or less closed, the stigma becomes dry, 
and the style either withers and falls off, or remains attached as a 
hardened process or apiculum ; while the embryo plant is developed 
in the ovule. It has been stated that fruits, such as Oranges and 
Grapes, are sometimes produced without seeds. It does not appear, 
therefore, necessary for the production of fruit in all cases, that the 
process of fertilization should be complete. In speaking of seedless 
Oranges, Dr. Bullar states that the thinness of the rind of a St. Michael 
Orange, and its freedom from pips, depend on the age of the tree. 
The young trees, when in full vigour, bear fruit with a thick pulpy 
rind and abundance of seeds ; but as the vigour of the plant declines, 
the peel becomes thinner, and the seeds gradually diminish in number, 
till they disappear altogether. 

562. While the fruit enlarges, the sap is drawn towards it, and a great 
exhaustion of the juices of the plant takes place. In Annuals this ex- 
haustion is such as to destroy the plants ; but if they are prevented 
from bearing fruit, they may be made to live for two or more years. 
Perennials, by acquiring increased vigour, are able better To bear the 
demand made upon them during fruiting. If large and highly- 
flavoured fruit is desired, it is of importance to allow an accumulation 
of sap to take place before the plant flowers. When a very young 
plant is permitted to bear fruit, it seldom brings it to perfection. When 
a plant produces fruit in very large quantities, gardeners are ^in the 
habit of thinning it early, in order that there may be an increased 
supply of sap to that which remains. In this way, Peaches, Nectarines, 
Apricots, &c., are rendered larger and better flavoured. When the 
fruiting is checked for one season, there is an accumulation of nutritive 
matter, which has a beneficial effect on the subsequent crop. 

563. The pericarp is at first of a green colour, and perfoAis the 
same functions as the other green parts of plants, decomposing carbonic 
acid under the agency of light, and liberating oxygen. Saussure 
found by experiments that all fruit ^ in a green state perform this pro- 
cess of deoxidation. As the pericarp advances to maturity, it either 
becomes dry or succulent. In the former case, it changes into a brown 
or *» white colour, and has a quantity of ligneous matter deposited^in 
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ita substance, so as to acquire sometimes great hardness, when it is 
incapable of performing any active process of vegetable life; in the 
latter, it becomes fleshy in its texture, and assumes various bright 
tints, as red, yellow, &c. In fleshy fruits, however, there is frequently 
a deposition of ligneous cells in the endocarp, forming the stone of the 
fruit ; and even in the substance of the pulpy matter or sarcocarp, 
there are found isolated cells of a similar nature, as in some varieties 
of Pear, where they cause a peculiar grittiness. The contents of the 
cells near the circumference of succulent fruits are thickened by 
exhalation, and a process of endosmose goes on, by which the thinner 
contents of the inner cells pass outwards and thus cause swelling of 
the fruit. As the fruit advances to maturity, however, this exhalation 
diminishes, the water becoming free, and entering into new combina- 
tions. In all pulpy fruits which are not green there are changes going 
on by which carbon is separated in combination with oxygen. 

5GL Dry fruits may remain attached to the tree for some time 
before they are fully ripe, and ultimately separate by disarticulation. 
Occasionally, when the pericarp is thick, it separates in layers like 
the bark. Succulent fruits contain a large quantity of water, along 
with cellulose or lignine, sugar, gummy matter or dextrine, albumen, 
colouring matter, various organic acids, as citric, malic, and tartaric, 
combined with lime and alkaline substances, besides a pulpy gelatinous 
matter, which is converted by acids into pectine or pectose, whence 
pectic acid is formed by the action of albumen. Pectine is soluble 
in water, and exists in the pulp of fruits, as Apples, Pears, Goose- 
berries, Currants, Raspberries, Strawberries, &c. Pectic acid is said 
to consist of 2HO, C 32 H 20 0‘*. It is changed into a jelly-like matter 
(wjjxr/f, a jelly); hence its use in making preserves. Each kind 
of liuit is flavoured with a peculiar aromatic substance. Starch is 
rarely present in the pericarp of the fruit, although it occurs commonly 
in the seed. In Plantains, Bananas, and Bread-fruit, however, 
especially when seedless, there is a considerable quantity of starchy 
matter, giving rise to mealiness when these fruits are prepared as fritters. 
Oily matters are also found in the cellular tissue of many fruits. Thus, 
a fixed oil occurs in the Olive, and essential oils in the Orange, Lemon, 
Lime, Rue, Dictamnus, &c. 

565. During ripening, much of the water disappears, while the 
cellulose or lignine, and the dextrine, are converted into sugar. Berard 
is of opinion that the changes in fruits are caused by the action of the 
oxygen of the air. Fremy found that fruits covered with varnish did 
not ripen. As the process of ripening becomes perfected the acids 
combine with alkalies, and thus the acidity of the fruit diminishes, 
while its sweetness increases. Tl^e formation of sugar is by some 
attributed to the action of organic acids on the vegetable constituents, 
gum^dextrine, and starch ; others think that the cellulose and lignine 

K 2 



282 


MATURATION OF THE PERICARP. 


are similarly changed by the action of acids. The sugar of fruits is 
grape or starch sugar, called also Glucose. Its formula is C 12 H u O u . 
In the Grape, when young, there is abundance of tartaric acid ; but 
as the fruit advances to maturity, this combines with potash, so as to 
diminish the acidity. Certain fruits owe their aperient qualities to the 
saline matter which they contain. In seasons when there is little sun, 
$nd a great abundance of moisture, succulent fruits become watery, 
and lose their flavour. The same thing frequently takes place in young 
trees with abundance of sap, and in cases where a large supply of water 
has been given artificially. 

5G6. The following analysis of the Cherry in its unripe and ripe 
state, as given by Berard, exhibits generally the chemical composition 
of succulent fruits : — 


Ohlorophylle 

Unripe. 

0 05 

Ripe. 


112 

18T2 

Gum or dextrine 

0 01 

8-23 

Cellulose 

2-14 

1-12 

Albumen 

0*21 

0-57 

Malic Acid 


2-01 

Lime 

0*14 

o-io 

Water 

88 28 



100-00 

100-00 


The following table shows the changes produced on the water, sugar, 
and cellulose, in 100 parts of unripe and ripe fruits : — 


Apricot 

Water. 

Um ipe. Ripe. 

.. . .80-39 74-87 . . 

Sugar. 

Unripe. Ripe. 

0 01 1G *18 .. 

Cellulose. 
Unripe. Ripe. 
.... 3-G1 18G 

Teach 

90 31 

80-24 ... 

... 0-G3 

11-61 

3-01 

1-21 

Cherries. ... 


74-85 ... 

... 1-12 

18-12 

2-14 

1-12 

Plums... .. 

. ...71 87 

71-10 ... 

... 17-71 

21*81 

1-26 

Ml 

Tears 

8G-28 

83-88 ... 

G 45 

11-52 

3-80 

2-19 


5G7. It is not easy in all cases to determine the exact time when 
the fruit is ripe. In dry fruits, the period immediately before dehis- 
cence is considered as that of maturation ; but, in pulpy fruits, there 
is much uncertainty. It is usual to say that edibte fruits are ripe, 
when their ingredients are in such a state of combination as to give 
the most agreeable flavour. This occurs at different periods in different 
fruits. After succulent fruits are ripe in the ordinary sense, so as to 
be capable of being used for food, they undergo further changes, by 
the oxidation of their tissues, even alter being separated from the 
plant. In some cases, these changes improve the quality *of the fruit, 
as in the case of the Medlar, the austerity of which is thus still further 
diminished. In the Pear, this process, called by Lindley blettiug (from 
the French, blessi ), renders it soft, but still fit for food , while in the 
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Apple, it causes a decay which acts injuriously on its qualities. By 
this process of oxidation, the whole fruit is ultimately reduced to a 
putrefactive mass, which probably acts beneficially in promoting the 
germination of the seeds when the fruit drops on the ground. 

568 The period of tim£ required for ripening the fruit, varies in 
different plants. Most plants ripen their fruit within a year from the 
time of the expansion of the flower. Some come to maturity in a few 
days, others require some months. Certain plants, as some Coniferae, 
require more than a year, and in the Metrosideros, the fruit remains 
attached to the branch for several years. The following is a general 
statement of the usual time required for the maturation of different 
kinds of fruit ; — 


Grasses » 13 to 46 days. 

Raspberry, Strawberry', Cherry 2 months. 

* liird-ohcrrv, Lime-tree 3 — 

Roses, White-thorn, Hor^e-cbestmit, 4 — — 

Vine, Pear, Apple, Walnut, Beech, Plum, Nut, Almond, 6 to 6 — 

Olive, Savin 7 — 

Colcliieum, Mistleto 8 To 9 — 

Many Comfeice 10 to 12 — 


Some Conifeia?, certain species of Oak, Meti osideros, above 12 — 

The ripening of fruits may be accelerated by the application of heat, 
by placing dark-colour cd bricks below it, and by removing a ring of 
bark so a3 to lead to an accumulation of sap. It has been observed 
that plants subjected to a high temperature not unfrequently prove 
abortive, which seems to result from the over stimulation causing the 
production of unisexual flowers alone. Trees are sometimes made to 
produce fruit, by checking their roots when too luxuriant, and by 
preventing the excessive development of branches. 

569. Graf ti !■£. — A very important benefit is produced, both as re- 
gards the period of fruiting and the quality of the fruit, by the process 
of grafting. This is accomplished by taking a young twig or scion, 
called* a graft , and causing it to unite to a vigorous stem or stock, thus 
enabling it to derive a larger supply of nutritive matter than it could 
otherwise obtain, and checking its vegetative powers. In place of a 
slip or cutting, a bud is sometimes taken. In order that grafting 
may be successfully performed, there must be an affinity between the 
graft and the stock as regards their sap, &c. It has often been sup- 
posed that any kinds of plants may be grafted together, and instances 
are mentioned by Virgil and Pliny, where different fruits are said to 
have been borne on the same stock. This was probably produced by 
what the French call Gi‘effe dcs charlatans , — cutting down a tree within 
a short distance of the ground, and then hollowing out the stump, and 
planting within it several young trees of different species ; in a few _ 
years they grow up together so as to fill up the cavity, and appear to 
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be one. The deception is kept up better, if some buds of the parent 
stock have been kept alive. Fortune gives an instance in the Pun- 
jaub of a Peach growing out of an old Mango tree about six or eight 
feet from the ground. Jn this case the Peach had its roots in the 
ground, and had grown through the hollow stem of the Mango. 

570. The object which gardeners wish to secure by grafting, is the 
improvement of the kinds of fruit, the perpetuation of good varieties, 
which could not be procured from seed, and the hastening of the period 
of the fruit-bearing. Grafting a young twig on an older stock has 
the effect of making it flower earlier than it would otherwise do. The 
accumulation of sap in the old stock is made beneficial to the twig, 
and a check is given at the same time to its tendency to produce 
leaves. Although the general law is, that grafting can only take 
place between plants, especially trees, of the same family, there are 
certain exceptions Loranthaceous parasites can form a union with 
genera in different ordeis. 

571. Mr. Knight did much to improve fruits by grafting. He 
Relieved, however, that a graft would not live longer than the natural 
limit of life allowed to the tree from which it has been taken. In this 
way he endeavoured to account for the supposed extinction of some 
valuable vaiieties of fruits, such as the Golden pippin, and many cider 
apples of the seventeenth century.* He conceived that the only natural 
method of propagating plants was by seed. Jlis views have not been 
confirmed by physiologists. Many plants are undoubtedly propagated 
naturally by shoots, buds, tubers, &e , as well as by seed ; and it is 
certain that the life of slips may be prolonged by various means, much 
beyond the usual limit of the life of the parent stock. The Sugar-cane 
is propagated naturally by the stem, the Strawberry by runners, the 
Couch-grass by creeping stems, Potatoes and Jerusalem Artichokes by 
tubers, the Tiger-lily by bulblets, and Achimenes by scaly bodies, like 
tubers. The fruits, moreover, which Mr. Knight thought had disap- 
peared, such as Ped streak, Golden pippin, and Golden Harvey, still 
exist, and any feebleness that they exhibit does not appear to pfticeed 
from old age, but seems to be owing to other causes, such as the nature 
of the soil, cold, violence, and mutilation. Vines have been transmitted 
by perpetual division from the time of the Bomans. A slip taken 
from a Willow in Mr. Knight’s garden, pronounced by him as dying 
from old age, was planted in the Edinburgh Botanic Garden many 
years ago, and is now a vigorous tree, although the original stock has 
long since undergone decay. It is true, however, that a cutting taken 
from a specimen already exhausted by excessive development of its 
parts, will partake of the impaired vigour of its parent, and will possess 
less constitutional energy than that taken from a vigorous stock. 

- 572. In grafting, various methods have been adopted. One of these 

* Sec Knight’s Horticultural Tapers, Svo, London, 1841, p. 81. 
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is grafting by approach , or inarching , when two growing plants are 
united together, and after adhesion one is severed from its own stock, 
and left to grow on the other. This kind of adhesion sometimes takes 
place naturally in trees growing close together. It is well seen in a 
iir-tree in the burying-ground at Kilim. The branch of the same tree 
may also be bent, so as to become united to the stem at two points. 
This is often seen in the Ivy. The roots of contiguous trees occasion- 
ally unite by a process of grafting, and to this is attributed the con- 
tinued vigour of the stump of Spruce-trees cut down on the Swiss 
mountains. This natural grafting of roots has been observed in the 
White Pine (Abies pcctinata ), and sometimes in the Red Pine (Abies 
ejccclsa ), as well as in the Scotch Fir ( Pmus sylvestris). ♦ 

57 o. The usual method of grafting is by scions or slips, which are 
applied to the stock by a sloping surface, or are inserted into slits 
in it by cleft-grafting , or into perforations by wimble or peg-grafting. 
Whig-grafting or tongue-grafting is performed by inserting a tongue 
or cleft process of the stock between the lips of a cut in the scion. 
Side-grafting resembles whip-grafting, but is performed on the side 
of the stock without heading it down. Sometimes several slips are 
placed in a circular manner round the inside of the bark of the stock 
by crown-grafting ; or the bark of a portion of the stock is removed, 
and that of the scion is hollowed out, so as to be applied over it like 
the parts of a flute, hence called flute-grafting . Budding is practised 
by the removal of a bud from one plant, along with the portion of 
the bark and new wood, and applying it to another plant, in which a 
similar wound has been made. Oral ting is usually performed between 
the woody parts of the plants, but herbaceous parts may also be 
united in this way. The graft and stock are secured by clay, or by 
bees’-wax and tallow, or by Indian rubber, gutta percha, or collodion. 

574. By grafting, all our good varieties of apples have been pro- 
duced from the Crab Apple. The seeds of the cultivated apples, when 
sown, produce plants which have a tendency to revert to the original 
sour Crab. Grafted varieties can only be propagated by cuttings. 
The influence exercised by the stock is very marked, and it is of great 
importance to select good stocks on which to graft slips. In this way 
the fruit is often much improved by a process of ennobling , as it is 
called. The scion also seems in some cases to exercise a remarkable 
effect on the stock. Slips taken from varieties with variegated leaves, 
grafted on non-variegated, have caused the leaves of the latter to 
assume variegation, and the effect, when once established, has con- 
tinued even after the slip was removed. The effects of grafting arc 
well seen in the case of the Red Laburnum, when united to the Yellow 
species. The Red Laburnum is a hybrid between the common Yellow 
Laburnum and Cytisus purpureus, or the Purple Laburnum. The 
branches below the graft produce the ordinary yellow laburnum 
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flowers of large size; those above exhibit often the small purple 
laburnum flowers, as well as reddish flowers intermediate between the 
two in size and colour. Occasionally, the same cluster -has some 
flowers yellow and some purplish. 

8. — Seed or Fertilized Ovule arrived at Maturity. 

575. While the pistil undergoes changes consequent on the discharge 
of the pollen on the stigma, and ultimately becomes the fruit, the ovule 
also is transformed, and, when fully developed, constitutes the seed . 
After fertilization, the foramen of tlie ovule contracts, the embryo or 
yotftig plant gradually increases in its interior, by the absorption of 
the fluid matter contained in the sac of the amnios, solid nutritive 
matter is deposited, and a greater or less degree of hardness is ac- 
quired. The seed then is the fecundated mature ovule containing the 
embryo, with certain nutritive and protective appendages. When 
ripe, the seed contains usually a quantity of starchy and ligneous 
matter, azotised compounds, as cascine and vegetable albumen, 
oily and saline matters. It sometimes acquires a stony hardness, as 
in the case of vegetable ivory, the seed of Phytelephas macrocarpa. 
Care must be taken not to confound it with single-seeded pericarps, 
such as the Achamium and Caryopsis, in which a style and stigma are 
pre*sent ; nor with bulbils or bul blots, as in Lilium bulbiferum, and 
Dentaria bulbifera, which are germs or separable buds developed 
without fecundation. 

57G. Seeds are usually enclosed in a seed-vessel or pericarp, and hence 
the great mass of iloweiing plants arc called angiospmnous {dyyo;, or 
dyysioify a vessel, and ont^a, a seed). In Coniferae and Cycadaceto, 
however, the seeds have no true pericarpial covering, and fertilization 
takes place by the direct application of the pollen to the 
seed, without the intervention of stigma or style. Hence 
the seeds, although sometimes protected by scales, are truly 
naked, and the plants are called gtpnnospermous (yvpvo;, 
naked, and on a seed). Occasionally, by the early 
rupture of the pericarp, seeds oiigi aally covered become 
exposed. This is seen in Leontice, Cuphea, &c. In 
Mignonette, the seed-vessel (fig. 479), opens early, so as to expose 
the seeds, which are called snninude. 

577. Besides being contained in a pericarp, the seed has its own 
peculiar coverings. Like the ovule, it consists of a nucleus or kernel , 
and integuments. In some instances, although rarely, all the part 9 
of the ovule are visible in the seed, viz., the embryo-sac, or rjuintine, 
the quartine, the tereme or covering of the nucleus, the secundine, and 
$ 

479.— Fruit or capsu’e of Reseda opr mag early, bo that tlic ovules become semmude. 
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the primine. In fig. 480, there is a representation of the seed of 
Nymphsea alba, in which s e indicates the 
embryo-sac, containing the embryo, e\ n , 
the cellular farinaceous covering (quartine), 
formed round the embryo- sac ; m t, mem- 
brane formed round the nucleus (tercine); 
m i, the secundine ; t, the primine. In gene- 
ral, however, great changes take place by the 
development of the embryo ; the embryo-sac 
is often absorbed, or becomes incorporated 
with the cellular tissue of the nucleus ; the 
same thing occasionally takes place in the 
secundine, so that in the ripe seed, all that 
can be detected is the embryo and two 
coverings. The general covering of the 
seed is called spermoderm (anippa., seed, and 
otp { ucx> covering). In order to correspond 
with the name applied to the covering of 
the fruit, it ought more properly to be 
denominated perisperm around, and 

onepfict, seed). This latter term, however, 
has been appropriated to a certain portion 
of the seed, to be afterwards noticed under the name of albumen . 

578, Tiie Npcrmoderm usually consists of two parts, an external 

membrane , called the episperm or testa upon, or on the outside, 
and a seed, or testa , a shell), and an internal membrane , called 

endopleura (hlou, within, and side). The former may consist 

of a union of the primine and secundine, or of the primine only, when 
as occasionally happens, the secundine is absorbed ; the latter, of a 
combination between the membrane of the nucleus and the embryo- 
sac, or of one of these parts alone. Sometimes the secundine remains 
distinct in the seed, forming what has been called a mesosperm (/u,ho$, 
middle) ; and when it assumes a fleshy character, it has received the 
name of sarcosperm or sarcoderm llesh). 

579. The Episperm consists of cellular tissue, which often assumes 
various colours, and becomes more or less hardened by depositions in 
its interior. In Abrus precatorius, and Adenanthera pavonina, it is 
of a bright red colour; in French beans, it is beautifully mottled ; in 
the Almond, it is veined ; in the Tulip and Primrose, it is rough ; in 
the Snapdragon, it is marked with depressions ; in Cotton and Ascle- 

Fig. 480.-— Young seed of Nymphcea alba cut vertically. /, Funiculus or umbilical cord, 
Arillu^ derived from the placenta, r, Raphe, c, Cbalaza or cotyledonary end of the fleed h, 
Ililum or base of the seed, n?, Micropyle or foramen, t, Testa or JTimiuc. m i, Secundine. 
m i, Tercine or membrane of the nucleus 7?, Farinaceous external perispcnn or albumen formed 
by the nucleus, and probably constituting the quartine of MirbeL $ e, s e. Internal perisperm or 
•ndosperm formed by the embryo-sac, c. The embrj 0 
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jpias, it has hairs attached to it ; and in Mahogany and Bignonia, it is 
expanded in the form of wing-like appendages. In Salvia, Collomia, 
Acanthodium, and other seeds, it contains spiral cells, from which, 
When moistened with water, the fibres uncoil in a beautiful manner, 
having a 'membranous covering. In the episperm of the seed of 
Ulmus campestris, the cells are compressed, and their sinuous boun- 
daries are traced out by minute rectangular crystals adhering to their 
walls. 

580. The Endopirura is also cellular. It is often thin and trans- 
parent, but it sometimes becomes thickened. It is applied more or 
less closely to the embryo, and sometimes follows a sinuous course, 
forming folds on its internal surface, and separating from the episperm. 

When the embryo-sac remains distinct from the nucleus in the 
seeds, as in Nymphaea, Zingiber, Piper, &c , it forms a covering to 
which the name of vitellus ( vitellus , yolk of an egg), was given by 
Gsertner. 

581, Ai'iiiuM — Sometimes there is an additional covering to the 
seed, derived from an expansion of the funiculus or placenta after 
fertilization, to which the name arillvs has been given. This is seen 
in the Passion-flower, where the covering commences at the base, and 
proceeds towards the apex, leaving the foramen uncovered. In the 
Nutmeg and Spindle-tree, this additional coat is said to commence at 
the side of the exostome, and to proceed from above downwards, con- 
stituting, in the former case, the substance called mace ; and in the 



481 


latter, the bright scarlet covering of the seeds (figs. 481, 482). In 
such instances, it has been called by some an arillode. This arillode, 
after growing downwards, may be reflected upwards, so as to cover 
the foramen. 

582. On the testa, at various points, there are produced at times 
cellular bodies, which are not dependent on fertilization, to which the 
name of strophioles ( strophiolum , a little garland), or caruncules ( carun - 

Fig. 481. — 1, 2, 8, and 4,*Various states of the arillus of Euonymns, the Spindle-tree The 
^figures show the mode in winch it is developed from the edges of the foramen, a a a a, Arillode 
///, Foramen or exostome. 
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cula , a little piece of flesh), has been given, the seeds being strophio- 
late or carunculate. These tumours may occur near the base or apex 
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of the seed, they may be swellings of the exostomc, as in Ricinus 
(fig. 483 c), or they may occur in the course of the 

f>83. Seeds arc attached to the placenta by means # 
of a funiculus or umbilical cord, which varies much J ' 
in length. Jn Magnolias it attains a great length, J 1 \\\W 
and when the seed is ripe It appears like a cord r-ilU \ f 
suspending it from the follicle. The point of the seed ^ 

by which it is united to the cord or the scar left on . 
its separation, is called the hilum or umbilicus , and 
represents its base. It frequently exhibits marked 4 3 

colours, being black in the Bean, white in many species of Phaseolus, 


&c. It may occupy a small or large surface, according to the nature 
of the attachment. What constitutes the foramen of the ovule, 


becomes the micropyle small, and gate) of the seed, with 

its exostome and endostome. This may be recognizable by the naked 
eye, as in the Pea and Bean tribe, Iris, &c , or it may be very minute 
and microscopic. It indicates the true apex of the seed, and is 
important as marking the part to which the root of the embryo is 
directed. At the micropyle in the Bean, is observed a small process 
of integument, which, when the young plant sprouts, is pushed up 
like a lid, and is called embryotega ( tego , I cover.) The fibro-vascular 
bundles, from the placenta pass through the funiculus and reach the 
seed, either entering it directly at a point called the omphalode (opQofrog, 
navel,) which forms part of the hilum, or being prolonged between the 


Fi£. 482. — Development of the same arillus, <r, around the ovule, o, exhibited in a different 
position. 1, 2, 3, 4, are tour successive stupes of development, lu tig. 4, the arillua has been cut 
vertically, to show its relation to the ovule, which it sui rounds completely. 

rig. 483. — Vertical section of a carpel of Ricinus communis, and of the seed which it contains, 
a, Pericarp. 1, Loeulument. /, Funiculus or umbilical cord, t, Integuments of the seed, having 
at their apex a caruncula, c, which is traversed by the small canal of the exostome. The exoa- 
tome does not correspond exactly with the endostome, which is immediately above the radicle, 
r. Raphe, c A, Chalaza. p, Perisperm or albumen, the upper poition of which only is seen. 
«, Embryo, with its radicle, e r, and its cotyledons, e c. 

O 
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outer and inner integument in the form of a raphe , and reaching the 
chalaza or organic base of the nucleus, ■where a swelling or peculiar 
expansion may often be detected, as in Crocus. In fig. 480, the spiral 
vessels, r, are seen entering the cord, f passing through the hilum, //, 
forming the raphe, r, between the testa, t, and endoplcura, m i, and 
ending in the chalazal expansion, c. So also in fig. 484, where f is 
the funiculus, r the raphe united to the hilum and chalaza, c, whence 
vessels, //, penetrate the seed. In some seeds, as Narthecium ossifragum, 
the vessels are said not to appear till after fertilization, and in Habenaria 
viridis, none have been detected. The chalaza is often 
/ \v of a different colour from the rest of the integuments. 

A I f r Orange, it is of a reddish-brown colour. Some- 

H ' • \\\\ times, however, its structure can only be recognized 
by careful dissection. It indicates the cotyledonary 
extremity of the embryo. The hilum and chalaza 
c may correspond, or they may be separated from each 
484 other and united by the raphe (fig. 484). The raphe 

is generally on the side of the seed next the ventral suture. 

584. The positions of the hilum, micropyle, and chalaza, are of 
importance in determining the nature of the seed. The hilum is the 
base of the seed, and the micropyle its apex, while the chalaza is the 
organic base of the nucleus. The hilum and chalaza may correspond, 
the micropyle being at the opposite extremity, and then the seed is 
orthotropal (o^6;, straight). The seed may be curved so that the 
micropyle is close to the hilum, and the chalaza, by the growth of the 
seed on one side, may be slightly removed from the hilum, then the 
seed is campylotropal (Ku/Mrfaos, curved). The micropyle may be 
close to the hilum, and the chalaza in the progress of development 
may be removed to the opposite end, then the seed is anatropal 
(duecr^Trcj, I reverse).* 

585. The position of the seed as regards the pericarp, resembles 
that of the ovule in the ovary, and the same terms are applied — erect, 
ascending, pendulous, suspended, curved, &c. (figs. 423, 424, 425, 
426, 420.) These terms have no reference to the mode in which the 
fruit is attached to the axis. Thus the seed may be erect while the 
fruit itself is pendent, in the ordinary meaning of that term. The part 
of the seed next the axis or the ventral suture is its face , the opposite 
side being the bach Seeds exhibit great varieties of forms. They 
may be flattened laterally, compressed; or from above downwards, 
depressed . They may be round, oval, triangular, polygonal, rolled up 
like a snail, as in Physostemon , or coiled up like a snake, as in 
Ophiocaryon paradoxum. 

* See T 467, where these terms are more folly explained when treating of the ovnle. 

Fig. 481— Seed of the Hazel. /, Funiculus, r, Raphe, c, Chalaza. n, Veins spreading In a 
radiating manner over the integuments of the seed 
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586. The great object of fertilization is the formation of the embryo 
in the interior of the seed. In general, one embryo is produced, con- 
stituting what is denominated monembryony (fcovog, one) ; but in Coni- 
fer®, CycadacoEe, Mistleto, &c., there are frequently several embryos, 
giving rise to what is called polyembryony (Vox:);, many). Sometimes 
* two embryos become united together in the same seed. In the coni- 
ferous seeds, numerous corpuscles are seen whence the embryos pro- 
ceed. The process of fertilization has already been traced until the 
embryo appears as a rounded cellular body, enclosed in the embryo- 
sac, and attached to a suspensor. In fig. 480, e is the embryo, and 
8 e the embryo-sac. In this sac there is at first a mucilaginous fluid, 
the amnios, in which cells are speedily developed, commencing on its 
inner surface, and extending towards the interior. The embryonic- 
cell (fig. 485 v ), still attached to the sac by its suspensor, s, contains 
in the early state semifluid granular matter, which becomes organized, 
producing distinct nucleated cells (fig. 485, 2, e). These gradually 
multiply, and form at length a cellular mass, at first undivided (fig. 
485, 3, e ), but afterwards showing a separation of parts, so that the 



axis and lateral projections or rudiments of leaves can be distinguished. 
In figs. 486 to 491, all the stages of the formation of embryo can be 
traced, appearing first as a simple cell (figs. 486, 488), forming others 
in its interior (figs. 489, 490); and finally, the parts of the embryo 
becoming visible, as in fig. 491, where g r is the axis representing the 


Fig. 485. — First development of the embryo of Draba verna. o, Suspensor, Mliiohin this plant 
is very long v, Embryonic or germinal vesicle, e, Embryo. 1 Fust stage, in which the 
embryonic vesicle only Is seen 2, Second Btuge, showing several cells formed In the embryonic 
vesicle. 3. Third stage, in which the embryo becomes more conspicuous in consequence of the 
formation of numerous small cells. 

Fig. 486 — Monocotyledonous embryo of Potamogeton perfollatus in its early stage, appearing 
as a vesicle or simple cell. 

Fig. 487. — The same further advanced, showing radicle, r, gemmule or plumule, g, and the 
cotyledon, c 

Fig. 488.— Dicotyledonous embryo of CEnothera crasslpes in its early stage, appearing as a 
vesicle or cell. 

Fig. 489. The same further advanced, showing three united utricles or colls. 

Fig. 490. —The same more developed, showing numerous cells 

Fig 491.— The same In a more developed state, showing radicle, r, gemmule, g, and cotjie* 
dons, c c. 
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stem and roots, and c c are the lateral projections, which are developed 
as leaf-like bodies, called cotyledons (koxvmIuv; the name of a plant, 
having leaves like seed-lobes.) • 

587. Perisperm or Albumen. — As the embryo increases in size, it 
gradually causes absorption of the cellular tissue in the embryo-sac, and 
it is sometimes developed to such a degree as to reduce the nucleus and * 
embryo-sac to a thin integument. In such a case the seed consists of 
integuments and embryo alone. In Santalum, Osyris, and Loranthus, 
Griffith says the ovule is sometimes reduced entirely to a sort of embryo- 
nary sac. In Avicennia, the embryo, at its maturity, is on the outside 
of the nucleus and body of the ovule. In other cases it enlarges to a 
certain extent, filling the embryo-sac completely or partially, and only 
encroaching slightly on the cells of the nucleus. The cells surrounding 
the embryo then become filled with a deposit of solid matter called 
albumen , consisting of starchy, oily matter, and nitrogenous compounds. 
To this matter some have applied the term perisperm (&£$}, around, 
and c T7ti£(*ot , seed) ; others, that of endosperm {hlov, within). The name 
perispennic albumen , or perisperm , is often restricted to that found in 
the cells of the nucleus alone (fig. 480 n ) ; endospermic albumen , or 
endosperm , to that found within the embryo-sac alone (lig. 480 s e\ as 
in Chelidonium majus, Eanunculacese, Umbelhferm, etc. Sometimes 
both kinds of albumen occur in the same seed, as in Nymphaeaceae 




and Piperaceae. Schleiden states, that in some instances the albumen 
is produced in the region of the chalaza. He also remarks, that endo- 
spermic albumen is common in Endogens. In some Scrophularias, the 
embryo-sac forms little cavities or bags, which in the ripe seed remain 
as appendages to the albumen. Seeds in which the embryo occupies 

Fig. 492 — Anatronal matuie seed of Ilelleborus niger cut vertically The embryo, e, is small, 
as compared with the perisperm or albumen, p. t, Spermotlerm or coverings of the seed. /, 
J&tpiculus. h, Hilum. c, Chalaza. 

/'Trig. 493.— Mature seed of Diphylleia peltata, showing an embryo, e, which occupies a larger 
portion of the seed than in fig. 494. Letters indicate the Bame parts as in the previous figure. 

Fig 494.— Ripe seed of Berberis vulgaris, exhibiting a larger embryo, e, as compared with the 
reri sperm, p. Letters as in figs. 492 and 493. 
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the entire seed, are called exolbuminous (ex, without), as Composite, 
Cruciferas, and most Leguminosao, while others having separate albumen 
are albuminous. The larger the quantity of albumen in a seed, the 
smaller the embryo. In figs. 492 to 494, the relative proportion which 
the embryo bears to the albumen or perisperm in different seeds is 
shown ; e being the embryo with its cotyledons and young root, p the 
perisperm, t the coverings of the seed, f the funiculus or cord, h the 
liilum, and c the chalaza. In fig. 492, the embryo is minute, and 
occupies only a small part of the apex of the albumen ; in fig. 493, it. 
is larger, and has encroached on the perisperm ; while in fig. 494, it 
is still more developed, much of the albumen having been absorbed. 

588. The albumen varies much in its nature and consistence, and 
furnishes important characters. It may be jarinaceous or mealy , con- 
sisting chiefly of cells filled with starch (fig. 495), as in Cereal grains, 
where it is abundant; fleshy or cartilaginous , consisting of thicker cells 
which are still soft, as in the Coco-nut, and which sometimes contain 
oil, as in the oily albumen of Croton (fig. 496), Ricinus, and Poppy ; 
horny , when the matter in the cells is of a hard consistence, and olcen 
arranged in a concentric manner, so as nearly to fill the entire cavity, 
as in Date, Ivory-Palm, and Coffee. The albumen may be uniform 
throughout, or it may present a mottled appearance, as in the Nutmeg, 
the seeds of Anonaceao, and some Palms (fig 497), where it is called 



ruminated. Ihis mottled appearance depends on the endopleura or 
inner integument forming folds on which the albumen is deposited, 
and when the seed is ripe, these foldings of the membrane divide the 
albumen in a sinuous or convoluted manner. 

589. The albumen is a store of matter laid up for the nourishment 
of the embryo. In the Coco-nut and double Coco-nut, it forms the 
great bulk of the seed, weighing many ounces, while the embryo is 


tig. 495 — Section of a small portion of the farinaceous perisperm or albumen of Zea Muis, 
Indian corn c cc. Cells, fff Grains of starch in the cells. 

ii£. 49G. — Section of a small portion of the oily perisperm or albumen of Croton Tighum. 
c c c c, Cells hhh , Drops of oil contained in the cells. 

Fig 497 —Vertical section of the fiuit of Areca Catechu, c, Perianth. /, Pericarp, p, Rumi- 
nated perisperm or albumen. Embryo. 
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minute, weighing a few grains, and lies in a cavity at one extremity. 
In Coffee, the albumen is the horny portion, the infusion of which is 
used for a beverage. In Phytelephas it is called vegetable ivory from 
its hardness, and is used for the same purposes as ivory. In the homy 
albumen of this* Palm, as well as in that of the Attalea funifera, the 
Date and the Doom Palm, the concentric deposition of secondary 
layers, leaving a small cavity in the centre of the cells, and radiating 
spaces uncovered with thickening matter, is well seen under the 
microscope. 

590. The embryo consists of cotyledons or rudimentary leaves, the 
plumule ( plumula , a little feather), or gemmule (gemma, a bud), repre- 
senting the ascending axis, the radicle (radix, root), or the descending 
axis, and their point of union the collum , collar or neck; that part 
of the axis which intervenes between the collar and cotyledons 

f being the caulicvle (cauliculus, a little stalk), or tigelle ( ligellus , a 
little stalk). The embryo varies in its structure in the different 
498 divisions of the vegetable kingdom. In acrogenous and thallo- 
genous plants, it continues as a cell or spore, with granular 
matter in its interior (fig. 498), without any separation of parts or 



499 500 

the production of cotyledons. Hence these plants are called acotyle- 
donous (» privative *o Endogenous and Exogenous plants, 
on the other hand, exhibit a marked separation of parts in their 
embryo, the former having one cotyledon, and hence being mono - 
cotyledonous (pons, one) ; the latter two, and hence dicotyledonous 
twice). Thus, the whole vegetable kingdom is divided into three 

Fiff. 498.— Acotyledonoua embryo of Marcliantia polymorpha. Sucli embryos bear the name of 
ipores. 
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grand classes by the nature of the embryo, the first of which classes 
corresponds with the cryptogamic division of plants, the second with 
the endogenous division of phanerogamous or flowering plants, the 
third with the exongenous division of the same. Fig. 499 represents 
a monocotyledonous embryo, with its cotyledon, c ; while figs. 500 and 
501, exhibit a dicotyledonous embryo, with its cotyledons, c c. 

591. The spore of acotyledonous plants (fig. 498) is a cellular 

body, from which a new plant is produced. Germination takes place 
in any part of its surface, and not from fixed points. Some consider 
it as produced independent of any process of fertilization, others con- 
sider the union of two kinds of cells as necessary for its formation. 
When formed, it sometimes presents filaments or vibratile cilia on its 
surface (figs. 481-434), by means of which it moves about in fluid®, 
like some of the Infusoria. When it germinates, these cilia disappear. 
Sometimes spores are united in definite numbers, as in fours, sur- 
rounded by a cellular covering, or perispore around, and 

a spore), or sporidium , and thus forming the reproductive body called 
a tetraspore four), which is common in Algse. 

592. Embryo. — In the embryo or corculum ( corculum , a little heart), 
the first part formed is the avis, having one of its extremities turned 
towards the suspensor, and the other in the opposite direction ; the 
former indicating the point whence the young root or radicle is to 
proceed, and the latter that whence the leafy stem is to arise. As the 
first leaves produced are the cotyledons, this stem is called the cotyle- 
donary extremity of the embryo, while the other is the radicular. 
The radicular is thus continuous with the suspensor, and consequently 
points towards the micropyle (fig. 494 //), or the summit of the 
nucleus, an important fact in practical botany ; while the cotyledonary, 
being opposite, is pointed towards the base of the nucleus or the 
chalaza (fig. 494 c). Hence, by ascertaining the position of the 
micropyle and chalaza, the two extremities of the embryo can in 
general be discovered. In some rare instances, in consequence of a 
thickening taking place in the coats of the seed, as in Kicinus (fig. 483), 
and some Euphorbiacem, there is an alteration in the micropyle, so 
that the radicle does not point directly to it. 

593. The part of the axis which unites the radicle and the cotyledon 
or cotyledons, is denominated caulicule or tigelle (figs. 499 t y 501 /). 
This is sometimes very short. From the point where the cotyledons 
are united to the axis, a bud is developed (in the same way as from 
the axil of leaves) ; this bud contains the rudiments of the true or 
primordial ( primus , first, and ordo , rank) leaves of the plant, and has 
been called plumule or gemmvle. This bud may be seen usually lying 
within the cotyledons. Thus, in fig. 501, the embryo of the Almond 
exhibits the gemmule, <7, lying on one of the cotyledons, the other 
having been removed and leaving a cicatrix, i c ; while in fig. 499, 
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the gemmule, g , of Potamogeton perfoliatus, is covered by the single 
cotyledon, c. 

594. The gemmule as well as the cotyledon are sometimes obscurely 

S seen. Thus, in Cuscuta (fig. 502), the em- 

bryo appears as an elongated axis without 
ikk ^^ V ^ S * 0E1S ’ an ^ * n butyrosa (fig. 503), 

w the mass of the embryo is made up by the 
; & Is jij radicular extremity and tigelle, t , in a groove 
\v JM yjr of which, s, the cotyledonary extremity lies 
VlpP ^jr embedded, which when separated, as in the 
figure, shows only very small cotyledons. 
502 503 Tn some monocotyledonous embryos, as 

Orchidacese, it requires a microscopic examination to detect the 
cotyledonary leaf. 

595. Mouocotyirdonoiis Embryo* — In this embryo, the single cotyle- 
don in general encloses the gemmule at its lower portion, and exhibits 
on one side a small slit (fig. 504./ ), which indicates the edges of the 
vaginal, or sheathing portion of the cotyledonary leaf. The 
A embryo presents commonly a cylindrical form, rounded at the 
1 1 extremities, or a nrore or less elongated ovoid (fig. 504). At 
first sight there seems to be no distinction of parts; but on 
ft i careful examination, by moistening the embryo, and making 
| | a vertical section, there will be detected, at a variable height, 
c | 1 a small projecting mammilla, buried a little below the surface. 
^ jr'jr I This is the gemmule which marks the termination of the axis. 
L v 'f From the lower extremity proceeds the radicular portion (figs, 
j; 499 t r, 504 r), which may be said to represent both the tigelle 

so* and radicle. The upper portion or chalazal end of the embryo, 

is the cotyledon (figs. 499, 504 c), which is sheathing at its base, 
so as to enclose the gemmule. The length of the radicular portion, or 
that below the gemmule, varies. It is usually shorter than the 
cotyledon, and is denser in structure ; but in some instances it becomes 
much larger, giving rise to what, has been called a inacropodous 
embryo (^a*o 0 'c, long, and ttov;, a foot). Thus, in fig. 505, t represents 
the long radicular portion in the young state, whence ultimately the 
root, r, proceeds. Occasionally, the radicular portion becomes very 
thick and large, so as to form a considerable portion of the embryo; 
and in all monocotyledons, it may be considered as an enlarged mam- 
millary projection, whence the rootlets proceed by bursting through it, 
and carrying with them a covering or sheath (^[ 127, fig. 124). 


Fig. 502. — Spiral embryo of Cuscuta or Dodder. 

Fig. 503 — Embiyo of I’ekea butyiosu, t. Thick tigelle or caulicule, forming nearly the whole 
mass, becoming narrowed and curved at its extremity, and applied to the groove, s. In the 
figure thip narrowed portion is slightly scpauited from the gioove. c. Two rudimentary 
cotytedflnfi. 

Flgj-fW.— Embryo of Triglochin Barrclieri. r, Radicle. /, Sht corresponding to the gemmule. 
c, Cqgpdon. 
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596. When considering endogenous or monocotyledonous steins, it 
was shown that the leaves are produced singly and alternately, in a 


sheathing manner, each embracing the sub- 
sequently developed bud. So it is in the 
monocotyledonous embryo. There is a single 
leaf or cotyledon produced, and if in any 
instance there is more than one, it is alternate 
with the first formed. The cotyledon (fig. 
504 c ) is folded either partially, as in Dios- 
corea, or completely. Its , sheathing portion 
(vagina) embraces the bud or gcmmule, which 
appears as a mammillary projection ; its posi- 
tion being indicated by a cleft or slit (fig. 504 
/), where the edges of the sheath unite. All 
the portion of the embryo above the gemmulc, 
is the cotyledon ; all below, the radicle. 

597. DJcolylcdonons* Embryo TllC form 

of this embryo varies much ; and although 
sometimes resembling in its general aspect 
that of monocotyledon^, yet it is always 
distinguished by a division taking place at 
the cotyledonary extremity, by which it is 
separated into two, more or less evident, 
lobes. The parts of this embryo are easily 
traced in the Bean, Pen, Acorn, and Almond. 
In the latter (fig. 500), the embryo has an 
oval form, consisting of two thick cotyle- 
dons, c c, and a radicle, r. When one of 
the cotyledons is removed (fig. 501 ), leaving 
scars, i c, the gemmule or plumule, < 7 , is 
seen included between them, with its cauli- 
cule or tigelle, t. 

598. The cotyledons are not always, how- 
ever, of the same size. Thus, in a species of 
Hiraea (fig 506), one of them, c\ is smaller 
than the other ; and in Carapa guianensis 
(fig. 507), there appears to be only one, in 
consequence of the intimate union which 
takes place between the two as indicated by 
the dotted line, c. The union betweeu the 
cotyledonary leaves may continue after the 



young plant begins to germinate. Such embryos have been called 


Fig. 505. — Monocotyledonous embryo of Zannlchellia palustris germinating, m, Collum or 
neck, the point intermediate between the stem or tigelle. t, and the radicle or root, r. c, Cotyle- 
don. $r, Gemmule or plumule. 
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pseiido-moriQcotyledonous false). When there are two cotyle- 

dons, they are opposite to each other. In some cases there are more 
than two present, and then they become verticillate. This occurs in 
Conifera?, especially in the Fir (fig. 508), Spruce, and Larch, in which 
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six, nine, twelve, and even fifteen have been observed. In such cases 
it is probable that the cotyledons are split by collateral chorisis, 
and thus divided into several. They are linear, and resemble in 
their form end inode of development the clustered oriasciculatedleaves 
of the Larch. Plants having numerous cotyledons are occasionally 
denominated j/ofycofylcdonous. Duchartre thinks that the multiple 
cotyledons of the Firs are not verticillate, but occur in two opposite 
groups, placed like two ordinary cotyledons. Hence he considers the 
plants to be truly dicotyledonous, with the cotyledons deeply divided 
into a number of segments Between the two cotyledons there is a 
slit which is well seen in Pinus Pinaster and excelsa. Thus, the 
arrangement of the cotyledons follows the same law as that of the 
leaves in dicotyledonous or exogenous plants, being opposite or verti- 
cillate according to the mode of formation of the axis. 

599. The texture of the cotyledons varies. They may be thick, as 
in the Bean, exhibiting only slight traces of venation, with their fiat 
internal surfaces in contact, and their backs more or less convex ; or 
they may be in the form of thin and delicate lamina), flattened on both 
sides, and having distinct venation, as in Ricinus (fig. 509), Jatropha, 
Euonymus, &c. In the former case they are called fleshy, or seminal 
lobes; in the latter ,foliaceous, or seminal leaves. 

COO. Cotyledons are usually entire and sessile. But they occasion- 
ally become lobed, as in the Walnut and the Lime (fig. 510), where 

Fig. 506.— Embryo of llmea Salzmanniana, cut vertically, to show the inequality of the two 
cotyledons, tine of which, c, forms almost tile whole muss ot the embryo. The small cotyledon. 
g y Gemmule or plumule r, Radicle 

Fig. 607,— Embryo of Carapa guianensis, cut vertically, to show the union of the cotyledons, 
the distiftetion between w huh ib only indicated by a fumt line, c r, Radicle, g , Gemmule. 

Fig. 60S.— Embryo of Fir J. Taken from the seed. 2. lieumning to genuinate. r, Radicle, 
c, Cotyledons, which ai e numerous \ the plant being polj cot} Jedonous, * 
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the cotyledon, c, has five lobes ; or petiolate, as in Geranium molle 
(fig. 511 p ) ; or auriculate, as in the Ash (fig. 512 o). Like leaves in 
the bud (see Vernation, % 184), cotyledons maybe either applied 
directly to each other (fig. 509), or may be folded in various ways. 
In the Almond (fig. 500) they lie in the direction of the axis. 3ji 
other cases they are folded laterally, condv plicate ( fig. 513); or from 



apex to base, reclinate (fig. 205 a ) ; or rolled up laterally, so as par- 
tially to embrace each other, convolute (fig. 514) ; or rolled up like the 
young fronds of ferns, circulate (fig. 515.) In these cases, both cotyle- 
dons follow the same direction in their foldings or convolutions ^ but, 
in other instances, they are folded in opposite directions, resembling 
the equitant (fig. 205 m) and semi-equitant (fig. 205 n) vernation. 

G01. The radicle may be either straight or curved, and, in par- 
^ ticular instances, it gives a marked character to the seed. Tlius, the 
divisions of the order Cruciferse are founded on the relative position 
and folding of the radicle and cotyledons. In the division Pleurorhizeic 

Fig. 509.— Embryo of fiicinus communis taken out of the seed (sec fig. 48^), and cut trans- 
versely. The two halves arc sepal ated so as toaihovv the two cotyledons, c, applied to each other, 
r, Radicle. 

F ig 510. — Embryo of the Lime, r, Radicle, c, One of the divided or palmate cotyledons. 

Fig. 511. — Embryo of Geranium molle. r, Radicle c, Cotyledons attached to the collar by 
a stalk or petiole, p 

Fig 612 — Embryo of the Ash. r, Radicle, c, One of the cotyledons, o o, Auricular appen- 
dages to the cotyledon 

Fig 513.— Embryo of Brassica oleracea, Cabbage, r, Radicle, c. Cotyledon. 1. Entire em- 
bryo. 2. Embryo cut transversely, showing the cotyledons folded on the ladiclc or coridupncate. 
The radicle is dorsal, or on the back of the cotyledons. 

Fig. 514.— Embryo of Runica Gmnatnm, Pomegranate, cut into two halves. The upper half 
removed to show the cqpvolute cotyledons, r, Radicle. 

lig 515.— Circlnate embryo of Bunias orlentalis. 
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(trAtvgfi, side, and root), the cotyledons are applied by their 

faces, and the radicle (figs. 516, 517 r) is folded on their edges, so as 
to be lateral , while the cotyledons, c, are accumbent (accumbo, I lie at 
the side). In Notorhizcce (vurov, back), the cotyledons (fig. 518 c) 




are applied to each other by their faces, and the radicle, r, is folded 
on their back, so as to lie dorsal , and the cotyledons are incumbent 
( incumbo , I lie upon, or on the back). In Orthoplocece (otfos, straight, 
and ttaokqs, a plait), the cotyledons are condujdicate (fig 513, 1, 2, c), 
while the radicle, r, is dorsal, and enclosed between their folds. In 
other 1 divisions, the radicle is folded in a spiral manner (fig. 515), 
and the cotyledons follow the same course. In the Dodder (fig. 50£), 
the embryo appears as an axis without divisions, having several turns 
of the spiral on different planes. 

602. The seed sometimes is composed of the embryo and integu- 
ments alone, the former being cither straight or folded in various 
ways, as already shown. In other cases there is an addition of peri- 
sperm or nutritive matter, in greater or less quantity, according to 
the state of development which the embryo attains (figs. 492, 493, 
494). When the embryo is surrounded by the perisperm on all sides 
except its radicular extremity (fig. 4 91,) it becomes internal or intrarius 
( intra , within); when lying outside the perisperm, and only coming 
into contact with it at certain points, it is external or extrarius {extra, 
without). When the embryo follows the direction of the axis of the 
seed, it is axile or axial , and it may be either external , so as to come 
into contact with the perisperm only by its cotyledonary apex (fig. 
519), or internal (figs. 492, 493, 494). In the latter case, the radicu- 
lar extremity may, as in some Coniferse, become incorporated with 
the perisperm apparently by means of a thickened suspensor. When 
the embryo is not in the direction of the axis, it becomes abaxile or 

Fig. 516.— Embryo of a Tea, cut transversely. Upper half separated to show the fleshy ac- 
cumbent cotyledons, c r, Radicle applied latei ally. 

Fig 617. — Embryo of Isatis tmetona. c, Accumbent cotyledons, r, Radicle. 1. Embryo 
entire. ‘2. Tr.nis^c^c m '** tlm ciub’ *-o 

Fig. 618. -I. i !.i\<> ot (’in ir.ipj.-Ms ( .■■■! .. Wallflower, c, Incumbent cotyledons, r, Radicle. 
1. ffljjkryo entire. 2. Tiansvcrse section of the eiubiyo. 
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abaxial (fig. 520 e) ; and -in this case it may be either straight or 
curved (fig. 521), internal or external. In the straight seed of 
Grasses, the perisperm is abundant, and the embryo lies at a point 
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on its surface, immediately below the integuments, being straight and 
external. In Campylotropous ovules, the embryo is curved, and in 
place of being embedded in perisperm, is frequently external to it, 
following the concavity of the seed (fig. 522), and becoming peripheri- 
cal (xeg«pee<y, I carry round), with the chalaza situated in the curva- 
ture of the embryo. 

G03. It has been already stated, that the radicle of the embryo is 
directed to the micropyle, and the cotyledons to the chalaza. In some 
cases, by the growth of the integuments, the former is turned round 
so as not to correspond with the apex of the nucleus, and then the 
embryo has the radicle directed to one side, and is called exccntric , as 
is seen in Primulaceae, Plantaginacetc, and many Palms, especially the 
Date (fig. 520). The position of the embryo in different kinds of 
seeds varies. In all cases the radicle or base of the embryo points 
more or less directly to the micropyle, while the cotyledonary ex- 
tremity is directed towards the chalaza. In an orthotropal seed, 
then, the embryo is inverted or antitropal (u»n, opposite, I 

turn), the radicle pointing to the apex of the seed, or to the part 
opposite the hilum (fig. 521). Thus, fig. 523 represents an ortho- 
tropal seed of Sterculia Balanghas, attached to the pericarp, p c, by 
the funiculus, f The chalaza and hilum are confounded together at 
c h , the micropyle being at the opposite end. The integuments of 
the seed, t , cover the embryo with its perisperm, p s ; the cotyledons, 
c } point to the hilum and chalaza ; while the radicle, r, points to the 

Fig. 519 —Grain of Cares depauperate cut vertically t , Integuments, r , Perisperm. c, 
Embryo. 

Fig 520.— Seed or kernel of the Date, p, Perisperm or horny albumen, e, Embryo 1. En- 
tire seed. 2. Seed cut transversely at tbe point where the embryo, e, is situated 

Fig 521 —Winged fruit of Rumex, cut vertically, to show the aboxile or abaxnil slightly 
curved embryo. 

Fig. 622.— Carpel of Mirabihs Jalapa, cut vertically, with the seed which It contains, o, Peri- 
carp crowned with the remains of the style, a f, Integuments of the seed or spermoderm. 
e, Peripherical embryo with its radicle, r, and its cotyledons, c. p, Perisperm or albumen sur- 
rounded by the embryo. 
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micropyle, and the embryo is thus reversed or inverted. Again, in 
an anatropal seed (figs. 493, 494), where the micropyle is close to the 

hilum, and the chalaza at 
the opposite extremity, 
the embryo is erect or 
homotropal (opoios, like, 
and Tfesny, I turn), the 
radicle or base of the 
embryo being directed to 
the base of the seed. In 
some anatropal ovules, as 
in Castor oil (fig. 483), 
the exostome is thickened 
or carunculate, c, and the endostome does not correspond exactly to 
it, so that the radicle, e r, of the embryo is directed to a point a little 
removed from the exostome. In curved or campylotropal seeds, 
(fig. 419), the embryo is folded so that its radicular and cotyledonary 
extremities are approximated, and it becomes amphitropal (ciptpi, 
around, and rpsvay I turn). In this instance the seed may be exal- 
buminous, and the embryo may be folded on itself (fig. 524), or al- 
buminous, the embryo surrounding more or less completely the 
perisperm, and being peripherical (fig. 522). In fig. 524, 
the seed of Erysimum cheiranthoides is shown, with the 
chalaza, c 4, and the hilum, h , nearly confounded together, 
the micropyle, m, the embryo occupying the entire seed, 
with the radicle, r, folded on the cotyledons, c, which 
enclose the plumule, g. Thus, by determining the position 
of the hilum, chalaza, and micropyle, the direction of the 
embryo may be known. 

604. According to the mode in which the seed is attached 
to the pericarp, the radicle may be directed upwards or 
downwards, or laterally, as regards the ovary. In an 
orthotropal ovule, attached to the base of the pericarp, it 
is superior (fig. 521.) So also in a suspended anatropal 
ovule, as in fig. 483. In other anatropal ovules, as in figs. 492, 504, 
525, the radicle is inferior. When the ovule is horizontal as regards 
the pericarp (fig. 523), the radicle, r, is either centrifugal, when it 



Fig, 523.— Orthotropal seed of Sterculia Balanghas, cut longitudinally, with the portion of 
the pericarp, p c, to which it is attached. /, Funiculus, c /*, Chalaza and hilum confounded to- 
gether. t, Integuments of the seed, 01 spermoderm. p s, Perisperm, the^ummit of which only 
6 seen. c, One of the cotyledons. The other cotyledon has been removed to show the gem- 
mule, g. r ’, Radicle which is directed to the foramen at the apex of the seed. The embryo is 
antiti'opal or inverted. 

Fig. 524.— Campylotropal seed of Erysimum cheiranthoides, cut longitudinally m, Micropyle. 
c hy Chalaza not far removed from tlie hilum, h. Testa or episperm. m i, Inner covering of 
the seed or cndopleura. r, Radicle, c, Cotyledons, p, Gemmule. The embryo is curved or 
amphitropal. 

Fig. 525.— Vertical section of the carpel of Triglocliin Barrelierl. Pericarp crowned by the 
eeSsiTe stigma, «. g< Seed. /, Funiculus, r, Raphe c, Chalaza, 



FUNCTIONS OF THE SEED* 


503 


points to the outer wall of the ovary; or centripetal, when it points 
to the axis or inner wall of the ovary. 

9. — Functions of the Seed. 

605. The seed contains the embryo or germ, which, when placed 
in favourable circumstances, is developed as a new plant. The em- 
bryo is usually of a whitish or pale colour, resembling the perisperm 
when present, and sometimes scarcely distinguishable from it at first 
sight. Occasionally, however, it is of a greenish or yellow hue. 
Instances of this occur in the perispermic or albuminous seed of Euony- 
mus, and the apernsperinic or exalbuminous seeds of most Crucifer®. 
The changes which take place in the composition of the seed, and in 
its coats, are with the view of protecting the embryo from vicissitudes 
of temperature, moisture, &e., and of laying up a store of nourish- 
ment tor its after growth. The coats become thickened and hardened 
by the deposition of lignine ; and in its interior, starch, nitrogenous 
compounds, phosphates, and sulphates, besides oily and fatty matters, 
various organic acids, tannin, and resins, are found. The specific 
gravity of the s^d is much increased, so that it usually sinks in water, 
and it becomes more capable of resisting decomposition, and preserv- 
ing the vitality of the embryo. In some instances where air is con- 
tained in their envelopes seeds float in water. 

606. When seeds are matured, they are detached from the plant in 
various ways. They separate from the % funiculus at the hilum, and 
remain free in the cavity of the pericarp, which either falls along with 
them, or opens in various ways so as to scatter them. The elasticity 
with which some seed-vessels open during the process of desiccation 
is very great. It may be seen in Hura crepitans, Common Broom, 
and Cardamine. In the Geranium (fig. 455), the seed-vessels are 
coiled upwards on the elongated beak, and in this way the seeds are 
dropped. In the Cyclamen the peduncle curves towards the earth so 
as to place the seed-vessels in a position suitable for germination. In 
the succulent fruit of Momordica Elaterium, or squirting Cucumber, 
the cells vary in their size and contents in different parts ; some con- 
taining thick matter become distended at the expense of others with 
thinner contents, and the force of end osmose ultimately causes rup- 
ture of the valves at their weakest point, viz., where they are united 
to the peduncle. When this takes place, the elasticity of the valves 
sends out the seeds and fluid contents with great force through the 
opening left by the separation of the peduncle. In the Impatiens or 
Balsam, the seed-vessel opens with force by. a similar process, the five 
valves curving inwards in a spiral manner, in consequence of the dis- 
tension of the outer large cells. The seeds are discharged before they 
are dry. In the case of Mignonette (fig. 479), the seed-vessel opens 
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early, so as to expose the seeds ; and in Cuphea, the placenta pierces 
the ovary and floral coverings early, so as to render the seeds naked. 
Fleshy fruits, which fall from the tree when ripe, supply by their suc- 
culent portion the most suitable nutriment for the young embryo in 
its earliest stages of growth. 

607. Wind, water, animals, and man, are instrumental in the dis- 
semination of seeds. Some seeds, as those of Mahogany, Bignonia, 
Tecoma, Pine, Asclepias, Epilobium, and the Cotton plant, have winged 
or feathery appendages, by means of which they are wafted to a dis- 
tance. The same thing occurs in some indehiscent seed-vessels, as 
the samara of the Sycamore and Ash, and the achaenia of Dandelion, 
Thistles, &c. Moisture, as well as dryness, operates in the bursting of 
seed-vessels. The pod of the Anastatica, or Rose of Jericho, and the 
capsule of some Mesembryan them ums, exhibit the effects of moisture 
in a remarkable degree. Animals, by feeding on fleshy fruits, the 
kernels of which resist the action of the juice of the stomach, dis- 
seminate seeds; and man has been the means of transporting seeds 
from one country to another. In some cases, the pericarps ripen 
their seeds under ground, and are called hypocarpogean (0x6, under, 
khqtos, fruit, and yg*, earth). This is seen in the Arachis hypogsea, 
or Ground nut. Others, as Yicia amphicarpos, have both aerial and 
subterranean fruit. Many seeds are used for food by animals, and a 
great destruction of them takes place from decay * but this is compen- 
sated for by the vast number produced, so as to secure the continu- 
ance of the species. The quantity of seeds produced by many plants 
is very great. In single capsules of Poppy and Tobacco, upwards of 
40,000 have been counted. 

608. Oermiuation. — The act by which the embryo of a seed leaves 
its state of torpidity, and becomes developed as a new plant, is called 
germination ( genninatio , springing). In order that this process may go 
on, a certain combination of circumstances is necessary. The chief 
requisites are moisture, air, and a certain temperature. Exclusion 
from light is also beneficial. In Cotyledonous plants germination 
may be defined as the act by which the fecundated embryo of a seed 
leaves the state of torpor in which it has remained for a longer or 
shorter period, starts into life, as it were, comes out from its envelope, 
and sustains its existence until such time as the nutritive organs are 
developed 

609. Moisture is necessary in order that the nutritive matters may 
be taken up in a state of solution, and that certain changes may take 
place in the seed. Dry seeds will not germinate. Until water be ab- 
sorbed no circulation of fluids in the seed can take place. The 
quantity of water absorbed by seeds is often very large. Dec^ndolle 
found that a French bean, weighing 544 millegrainmes, absorbed 756 
ol^ater. The swelling of Peas by absorption of w r ater is familiar to 
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alL The kernels or seeds by this means are enabled to burst their 
stony coverings. 

610. The temperature required for germination varies in different 
seeds Some demand a tropical heat, others are satisfied with the 
warmth of our spring. In general, the requisite temperature may be 
said to vary from 60° to 80° F. Some seeds can bear a temperature 
which would kill others. Some have been known to germinate after 
exposure for a short time to the heat of boiling syrup , others after 
exposure to a cold of — 39° F. Many plants grow in the immediate 
vicinity of very hot springs, others m cold regions. Edwards and 
Colin, from their experiments, were led to fix 95° F. as the highest 
limit of prolonged temperature which cereal grains can bear in water; 
and 113° F as the highest they can bear in sand or earth. Vegetable 
life has been observed progressing under much higher temperatures. 
In the Manilla Islands, a hot spring which raised the thermometer to 
187° had plants flourishing in it and on its borders. A species of 
Chara grows m the hot springs of Iceland, and various Confervas 
in the boiling springs of Arabia and of the Cape of Good Hope. 
Wheat, Oats, and Barley, are said to thrive in any country where the 
mean temperature exceeds 65° F. The spores of certain cryptogam ic 
plants are especially fitted for cold countries. Edwards and Colin 
found that seeds in a dry air bore a higher temperature than in water 
or steam. 

611. Air, or rather oxygen , was shown by Scheele to be necessary 
for germination. Seeds deeply buried in the soil, and excluded from 
air, do not spring. The depth at which seeds should be sown, varies 
from half an inch to two inches, according to the nature of the soiL 
The following experiments were made by Petri : — 


Seed sow) to the 

Came above ground 

No of plants that 

depth of 

in 

came up. 

i inch 



i — 

12 — 

all. 

2 — 

18 — 

7-8ths. 

3 — 

20 — 


4 — 

21 

4_ftth s 

5 — 

22 — 

3-8tliq 

6 — 

. 23 — 



Shallow sowing is thus proved to be the best. 

612. Seeds, when buried deep in the soil sometimes lie dormant 
for a long time, and only germinate when the air is admitted by 
the process of subsoil ploughing, or other agricultural operations. 
When ground is turned up for the first time, it is common to see a 
crop of white clover and other plants spring up, which had not been 
previously seen in the locality. After the great fire in London, plants 
Bprung up, the seeds of which must have long lain dormant ; and the 
same thing is observed after the burning of forests, and the draining 
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of marshes. Gardner says that the name capoeira is given in Brazil 
to the trees which spring up after the burning of the virgin forests 
( matos virgens and capoes ), and that they are always very distinct 
from those which constituted the origin nl vegetation. Mr. Vernon 
Harcourt mentions a case where turnip seeds lay in a dormant state 
for seven or eight years, in consequence of being carried down to a 
great depth in the soil. On the Calton Hill, at Edinburgh, when 
new soil was turned up some years ago for building, a large crop of 
Fumaria micrantha sprung up ; and seeds gathered from under six 
feet of peat-moss in Stirlingshire have been known to germinate. Mr. 
Kemp mentions the germination of seeds found at the bottom of a 
sand-pit 25 feet deep, which he concludes, from various circumstances, 
to have been deposited more than 2000 years ago. The seeds were 
farinaceous, belonging to the natural order Polygonaceae. A weak 
solution of chlorine is said to accelerate germination, probably by the 
decomposition of water, and the liberation of oxygen. 

613. Darkness is favourable to germination. Seeds germinate best 
when excluded from light M. Boitard showed this by experiments 
on Auricula seeds, some of which were covered by a transparent bell • 
jar, others by ajar of ground glass, and a third set by ajar enveloped 
in black cloth. The last germinated most rapidly. Senebier con- 
cluded that the height and size of a plant were proportionate to the 
intensity of the illumination, its verdure dependent on the quality 
of the rays. Mr. Hunt says that the luminous or light-giving rays, 
and those nearest the yellow, have a marked effect in impeding 
germination ; the red or heat-giving rays arc favourable to the pro- 
cess, if abundance of water is present ; while the blue rays, or those 
concerned in chemical action or actinism , accelerate the process and 
cause rapid growth. His experiments were performed by making the 
sun’s rays pass through different kinds of coloured glass. He believes 
that the scorching effect of the sun on leaves may be prevented by 
the use of blue glass, and that a high temperature might be obtained 
by red glass. He has suggested a pale-green glass made with oxide 
of copper, as that best fitted for conservatories. By this means he 
expects that the scorching rays of light will be excluded, while no 
hindrance is given to the passage of the others ; the green colour 
being a compound of yellow or luminous, and of blue or chemical rays. 
A delicate emerald-green glass has* been employed lately at his sug- 
gestion, in glazing the large Palm -house at Kew 

614. Some have said that electricity prevents germination, but facts 
are wanting to confirm this The experiments of Dr Fyfe,* Meclii, 
Coventry, and others, have shown that the statements made in regard 
t$$jjj| 3 e efficacy of electro-culture are erroneous. 

In order that plants may . germinate vigorously, moisture, 

* See Trans, of Soc. of Aits, vol. hi. part li. p. 10&. 
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heat, and air must be supplied in due proportion. If any of them are 
deficient, or in excess, injury may be done. It is of great importance, 
therefore, in agricultural operations, that the ground should be well 
pulverized, the seeds regularly sown at a proper and equal depth, and 
the soil drained. Pulverized soil, when examined, is foundf to consist 
of small particles having cavities in their interior, and separated from 
each other by interstitial spaces. In a very dry soil, all these cavities 
are full of air , in a very wet undrained soil, they are full of moisture ; 
while in a perfectly drained soil, the interstices are full of air, while 
the particles themselves are moist The seed in such a soil is under 
the influence of heat, air, and moisture, and is excluded from Tight. 
Hence it is in very favourable circumstances for germination. Frost 
has an important effect in pulverizing the soil, by the expansion of 
the water contained in the particles, when it is converted into ice. 
Snow again, acts in giving a covering to the young plant, protecting 
it from intense frost and sudden alternations of temperature, and by 
its slow melting allows (lie plant to accommodate itself to tlie mild 
atmosphere. Snow contains often much oxygen. 

616. If a field is not equally planted, the seeds will sink to dif- 
ferent depths, and will spring up very irregularly. The seeds should 
be placed at a depth not greater than two inches. Draining acts not 
merely in removing superfluous moisture, but in allowing a constant 
renewal ol nutritive matter, more especially of ammonia and carbonic 
acid from the atmosphere, in giving a supply of air, and in keeping 
up a proper temperature in the soil. In an undrained soil the water 
is stagnaut, and there is little supply of fresh nutriment, and much 
cold is produced. Of ^pte theie has been a discussion as to whether 
shallow or deep draining is the best. Much depends on the nature of 
the soil, and it is impossible to lay down any fixed rule applicable to 
all cases. Mr. Smith says that drains in very stiff soils should be 
fifteen feet apart, and in very light soils thirty or forty ; the depth 
beiug from thirty to thirty-six inches, and the main drains six inches 
deeper than the parallel ones. In extremely stiff* clays, he makes 
drams two and a-hall feet deep. He was the first to advocate the 
system of parallel drains, or what is called thorough-draining „ 

617. viiaiiiy ©r — Some seeds lose their vitality soon, others 
retain it for a long time. Coffee seeds, in order to grow, require to be 
sown immediately after ripening. On the other hand. Melon seeds have 
been known to retain their vitality for upwards of forty years, and 
those of the Sensitive plant for more than sixty years. Oily seeds in 
general lose their vitality quickly, probably from their power of ab- 
sorbing oxygen, and the chemical changes thus induced. Considerable 
discussions have taken place as to the length of time during which 
seeds will retain their germinating powers. Lindley mentions a case 
in which young plants were raised from seeds found in an ancient 
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barrow in Devonshire, along with some coins of the Emperor Hadrian ; 
and M. des Moulins relates an instance of seeds capable of germinat- 
ing, which were discovered in a Roman tomb, supposed to be 
fifteen or sixteen centuries old. In these instances, it is to be re- 
marked, that the seeds were protected from the influences required for 
growth, and were preserved in circumstances which cannot be easily 
imitated. There seems to be great doubts as to the seeds found in 
the catacombs of Egypt, and in mummy cases, haring actually 
produced living plants. The statements relative to Mummy 
Wheat have not been confirmed, and there are many sources of 
fallacy. 

618. With the view of preserving seeds, it is of importance that 
they should be thoroughly ripened, kept in a uniform temperature, and 
in a dry state, and not directly exposed to the oxygen of the air. 
They are often best kept in their seed-vessels. The hard coverings of 
many foreign legumes, and of the cones of Firs, &c., seem to be of im- 
portance in preserving the germinating power of seeds. Seeds not 
fully ripened are very apt to decay, and are easily affected by moisture. 
Seeds, although fit for food, may have lost their germinating power. 
Corn, pulse, and farinaceous seeds generally will live for a long time 
if gathered ripe, and preserved quite dry In sending seeds from 
foreign countries, they should be put into dry papers, and exposed to 
free ventilation in a cool place ; as, for instance, in a coarse bag sus- 
pended in a cabin. Oily seeds and those containing much tannin, as 
beech-mast, acorns, and nuts, must not only be ripe and dry, but also 
must be excluded from the air. When transp >rted, they are often put 
into dry earth and sand, and pressed hard, or preserved in charcoal 
powder, the whole being covered with tin, and put into a stout box. 
Some have suggested their preservation in hermetically-sealed bottles 
full of carbonic acid gas. Seeds enveloped in wax sent from India 
germinated well. They had been kept for three months, and were 
quite firm and fresh. They did not sprout for a month, but afterwards 
grew strong and healthy. Seeds sent in cotton and brown paper had 
grown considerably in their transit, and, when potted, grew fast, but 
soon displayed symptoms of debility. Spanish chestnuts and filberts 
have been sent enveloped in wax to the Ilimalayahs, and are now 
growing there. Cuttings of fruit trees, with their ends enveloped in 
wax, were also sent, and arrived in a living state. In this way also, 
apples, pears, and plums have been sent. 

619. M. Alphonse Decandolle made experiments on the vitality of 
seeds. He took 368 species of seed, fifteen years old, collected in the 
same garden, and sowed them at the same time, and in the same 
circumstances as nearly as possible. Of the 368, only seventeen ger- 
minated, and comparatively few of the species came up. The following 
ate the results 
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Per cent 


Malvaceae 

5 came up out of..... 

,.10 species.. 

...0-50 

Leguminosae 

9 — — 

.45 — 

...0*20 

Labiatao 

1 — — 

.30 — 

...0-03 

Scrophulariaceac 

0 — — 

JO — .. 

...o-oo 

Umbelliferae 

0 — 

.10 — .. 

.. 0-00 

Carvopliyllacese 

0 — — 

.16 — .. 

...0-00 

Grammes*} 

0 — — 

.32 — ... 

...0*00 

Cruciferae 

0 — — 

.34 — ... 

...0*00 

Composite 

0 — — 

.45 — ... 

...0 00 

In 357 species, of which 
were : — 

the duration of life was 

known, the results 

Per cent. 

Annuals 


.180 species., 

.....5*0 

Biennials 

o _ 1 — 

. 28 

.... 0*0 

Perennials 

..A — — 

J05 — . 

3 8 

Ligneous 

•; M .., T 

.41 

G*7 

or it may be thus given- 

10 

357 

4*4 

Per cent 

Monocnrpie 


208 species. 

4*3 

Polycarpie* 


149 — . 

4*7 
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620. Woody species thus seem to preserve the power of germinat- 
ing longer than others, while biennials are at the opposite end of the 
scale ; perennials would appear to lose their vitality sooner than an- 
nuals. Large seeds were found to retain the germinating power longer 
than small ones, and the presence or absence of separate albumen or 
perisperm did not seem to make any difference. Composite and Um- 
belliferoe lost their germinating power very early. From these experi- 
ments, Decandollc concludes that the duration of vitality is frequently 
in an inverse proportion to the rapidity of the germination. This 
subject has been investigated by a committee of the British Associa- 
tion, under the direction of Professor Daubeny. 

621. Chemical changes during termination. — During the process 
of germination, certain changes take place in the contents of the seed, 
by which they are rendered fit for the nourishment of the embryo. 
In exalbuminous or aperispermic seeds, where the embryo alone 
occupies the interior, these changes are effected principally in the mat- 
ters stored up in the cotyledons. In albuminous or perispermic seeds, 
on the other hand, the changes occur in the substance of the perisperm. 
One of the most remarkable of these changes is the conversion of starch 
into dextrine and grape sugar by a process of oxidation, the object 
being the conversion of an insoluble into a soluble substance. A 
nitrogenous compound, called Diastase (IT 310), is developed during 

♦ £or an explanation of these terms, see If C34. 
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germination, and is said to act on the starch. This diastase may be 
probably a portion of gluten passing into a state of decomposition, and 
acting as a ferment. The change of starch into dextrine and sugar is 
referred by chemists to catalytic action, or the action of contact, and 
to the influence exercised by diastase and other matters in making a 
new arrangement of the molecules. While this conversion of starch 
into sugar proceeds, oxygen is absorbed, carbonic acid is given off, 
and heat is produced. It is probable that at this period there is a 
certain amount of electric disturbance. Carpenter states that the 
conversion of the starch of the seed into sugar involves the liberation 
of carbonic acid, with a small quantity of acetic acid ; and as all acids 
are negative, and like electricities repel each other, it is probable that 
the seed is at the time in an electro-negative condition. The pheno- 
mena of germination are well seen in the malting of barley, which 
consists in the sprouting of the embryo and the formation of sugar. 
The changes produced in the air by germinating seeds have been 
investigated by Saussure, who showed that in all cases carbonic acid 
was evolved at the expense of the carbon of the seed. 

622. When all the requisites for germination are supplied, the seed, 
by the absorption of moisture, becomes softened and swollen. When 
albumen or the perisperm is present, it undergoes certain chemical 
changes by the action of the air and water, so as to be rendered fit for 
the nutrition of the embryo. These changes consist partly in the con- 
version of starch into sugar, and are accompanied with the evolution 
of carbonic acid, and the production of heat. As the fluid matters are 
absorbed by the cells of the embryo, the latter continues to increase 
until it fills the cavity of the seed, and ultimately bursts through the 
softened integuments. In cases where there is no perisperm, the exah 
buminous embryo occupies the entire seed, and the process of germi- 
nation goes on with greater rapidity. The embryo speedily swells, 
ruptures the integument, and is nourished at the expense of the 
cotyledons, which are often fleshy, containing much starchy matter, as 
in the Bean and Pea, along with oily matter, as in the Nut and Rape 
seed. There are thus two stages of germination — that in which the 
embryo undergoes certain changes within the seed itself, and that in 
which it protrudes through the integuments and becomes an indepen- 
dent plant. 

623. The embryo, then, nourished at the expense of its perisperm 
and cotyledons, continues to grow, and usually protrudes its radicular 
extremity (fig. 520, 1) in the first instance, which is nearest the 
surface, and next the micropyle. This, which in the embryo is very 
short, and confounded with the caulieulus so as to form the first 
internode, becomes thickened by addition to its extremity (fig. 526, 2), 
and the division between the ascending and descending axis becomes 
more marked. The caulicule or axis also elongates, bearing at its 
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summit the plumule, which now appears outside the integuments (fig. 
.526, 3, <?), forming the second internode, either accompanied by the 
cotyledons, or leaving them still within 
the seed coats. In the latter case, the 
cotyledons are usually fleshy and of a 
pale colour, and become gradually 
absorbed like the perisperm. In the 
former they assume a more or less leafy 
aspect, exercising the functions of leaves 
for a certain period, and ultimately 
decaying. While the radicle descends 
towards the centre of the earth, producing roots of a pale colour, the 
plumule has a tendency to ascend, forming the leafy axis, and assuming 
a green colour under the influence of light and air. 

624. Direoliou of Plumule mid Radicle* — \ arious attempts have 
been made to explain the ascent of the plumule, and the descent of 
the radicle, but none of them are satisfactory. Physiologists have not 
been able to detect any law to which they can refer the phenomena, 
although certain agencies are obviously concerned in the effects. 
Some have said that the root is especially influenced by the attraction 
of the earth, while the stem is influenced by light. Experiments have 
shown that the direction of the root is not owing to the moisture of 
the soil, and that the ascent of the stem is not due to the action of 
light and air; for roots descend, and stems ascend, even when the 
latter are placed in contact with the earth, and the former submitted 
to the action of light. Knight thinks that the direction of stem and 
roots may be traced to gravitation, and the state of the tissues. When 
a branch is horizontal, the fluids gravitate towards the lower side ; a 
vigorous growth takes place there; the tissues enlarge, and, by 
increasing more than those on the upper side, an incurvation is pro- 
duced, the convexity of which looks downwards, and thus the extremity 
of the branch is directed upwards. Again, in the root the increase 
takes place by the extremity, and the fluids by their gravity cause this 
to retain always a descending direction. A similar explanation is 
given by Dodart. Dutrochet refers the phenomena to endosmose, 
which varies in its effects according to the comparative size of the cells 
in the centre and circumference of an axis. In young stems with 
large pith, the central cells aie larger, and they diminish towards the 
circumference , whereas in roots, according to him, the diminution 
takes place in the reverse manner. Large cells distend more rapidly 

Fig. 526 -G 
Sperrr 
Gemn 
and a 
furtln 

spermoderm. 3. Third stage* wheie the embryo is entirely disengaged from the 
spermoderm, and the cotyledons, c c, are separated so as to exhibit the plumule, g 
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than small ones ; and, according to their position in the axis, will thus 
cause curvature outwards or inwards* the largest occupying the con- 
vexity of the arch, the smallest the concavity. When a branch or root 
is laid horizontally, the force of endosmose is weakened on the lower 
side, and, consequently, will cease to neutralize the tendency to incurva- 
tion on the upper side, which will therefore be directed either upwards 
or downwards, according to the position of its layers of small cells, — 
in the case of a branch with large central cells, curving upwards; and 
in the case of a root with larger hemispherical cells, downwards. 

625. These explanations do not appear, however, to be altogether 
satisfactory. It is known that the stem is directed upwards, the root 
downwards, but, as yet, physiologists have not been able to ascertain 
the laws which regulate them. The tendencies of the root and stem 
are not easily counteracted. When a seed is planted in moist earth, 
and suspended in the air, the root will, in the progress of growth, leave 
the earth and descend into the air in a perpendicular direction, while 
the stem will pass through a quantity of moist earth in an upward 
direction. If their positions are reversed they will become twisted, so 
as to recover their natural positions. 

626. The effect of light on the stem may be illustrated by the 
growth of plants in circumstances where a pencil of light only is 
admitted on one side. Dr Poggioli of Bologna was the first who 
observed the influence exercised by the rays of the spectrum in causing 
flexion of plants. Experiments on this subject have been made by 
Payen, Dutrochct, and Gardner. They consider the blue rays as 
those which have the greatest effect on the plumule. Hunter observed, 
that if a barrel filled with earth, in the centre of which are some 
beans, be rotated for seveial days horizontally, the roots pointed in a 
direction parallel to the axis of rotation Knight* put Mustard seeds 
and French beans off the circumference of two wheels, which were 
put in rapid motion, the one in a horizontal, and the other in a vertical 
manner ; and lie found that, in the former, the roots took a direction 
intermediate between that impressed by gravitation and by the centri- 
fugal force, viz., downwards and outwards, while the stems were 
inclined upwards and inwards. In the latter, where the force of gravi- 
tation was neutralized by the constant change of position, the centri- 
fugal force acted alone, by which the roots were directed outwards, at 
the same time that the stem grew inwards. To explain these results, 
there must be allowed — 1. A more or less liquid condition of the new 
parts of the young plant. 2. A different density in the different parts 
of the latter. 3. A tendency of the denser parts of new plants, during 
germination, towards the root. On the vertical wheel, the parts of the 
young plants submitted to the centrifugal force only, had their roots 
or densest parts at the circumference. On the horizontal, the effect 

* See Knight’s Horticultural Tapers, London, 1841, p, 124, 
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was intermediate between centrifugal force and gravity. The upper 
side of leaves is under the .influence of light in a marked degree, 
for, when placed in the reverse position by the turning of a branch, 
they twist round so as to resume their natural exposure. During 
darkness, on the contrary, many leaves fold in such a way that their 
lower surface is exposed. Some plants grow indifferently in all direc- 
tions at the period of germination. The MistJeto and other parasites 
direct their radicles towards the centre of the tree or plants to which they 
are attached, while the plumule grows perpendicularly to the surface. 

627. lUonocotylcdonoua Germination. — In Monocotyledons, there is 
generally a perisperm present, often in large quantity, and in them 
the cotyledon remains more or less within the seed at the period of 
germination. The intra-seminal portion of the cotyledons, as in Canna, 
and especially in the Coco-nut, becomes developed as a pale cellular 
mass, which increases much, and absorbs the nutriment required for 
the embryo. In some Monocotyledons the perisperm disappears 
entirely; in others, as in the Phytelcphas or Ivory Palm, while certain 
soluble matters are removed, the perisperm still retains its original 
form. The intra-seminal part may be said to correspond to the limb 
or lamina of the cotyledonary leaf. The extra-seminal portion, corres- 
ponding to the petiole, becomes often much elongated, as in the 
double Coco-nut, and ends in a sheath which envelopes the axis or 
cauliculus, and the plumule. Sometimes, however, there is no marked 
elongation of the cotyledon, the sheath being at once formed on the 
outside of the seed, so that the plumule and radicle are, as it were, 



sessile on its surface. These phenomena are well seen in Canna indica 
(fig. 527), where e is the envelope of the seed ; p , the perisperm or 

Fig. 627.— Germination of the monocotyledonous perispermic seed of Canna indica. The seed is 

►nr tn Qhmr rhn toIo tinn t — _ i .i .. . - 


ia wpuiaieu iikc a iia or operculum, to allow the passage of the radicle. />, Perisperm or 
X5S?® 11 '* £ Cotyledon, r. Radicle or young root. r> r Secondary radicles c o, Coleorhiza or 
sheath of the roots. /, Slit indicating the position of the gemmule; at this Blit an elongated 
eneatu, r, is protruded. ^ p c, Harrow portion of the cotyledon (corresponding to the petiolary 
portion), intermediate between Its enlarged portion, c, (corresponding to the lamina or limb of 
tne leaf), and its sheathing or vaginal portion, v. t, Tigcllus or cauliculus. a , Gemmule or 
plumule. 1 First stage, in which the radicle, r, begins to appear through the integuments or 
spermoderm. 2. second stage, where the slit,/, is seen also on the outei surface, Indicating the 
situation of the gemmule. The true radicle, r, has pierced the envelope of the seed, and at its 
base showsi a small sheath or coleorhiza One of the small radicles, r 4 , is also seen with a coieor- 
mza. 3. Third stage, when all the parts are more developed, and the gemmule, g, appears on 
tne outside of the slit, /, the edges of which are prolonged in the form of a sheath or vagina, v. 
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albumen ; c, the intra- seminal portion of the cotyledon, which absorbs 
the nourishment ; p c , the petiolary or extra-seminal portion of the 
cotyledon, which varies in length, and may be wanting ; v , the sheath- 
ing portion of the cotyledon, from a slit in which, /, the plumule, < 7 , 
protrudes, supported on the axis or cauliculus, t ; while the radicles, 
v and pierce the integument at the base, and are each covered with 
a separate sheath, c o f called coleorhiza (fig. 124). In aperispermic 
Monocotyledons, as Alismaceae and Potamere (fig. 505), the cotyledon 
does not remain within the seed, but is raised above the ground, c, 
giving origin to the plumule, g , which is at first enclosed in its sheath. 

628. Thus the cotyledon follows the development of leaves. Its 
limb is first produced, and is either pushed above ground, or is con- 
fined within the seed. In the latter case it is arrested in its progress ; 



subsequently, a sheath is formed which may either be a direct con- 
tinuation of the limb, or may be separated from it by a petiolary 

528. —Germination of the dicotyledonous embryo of Acer Negundo. m. Collum, collar or 
neck, r. Root, t , Caulicule or stem, c c, Cotyledons. <7, Gemmule or plumule. 

Fig. 629 .— Upper part of the same embryo more developed, c c, Cotyledons. g> Gemumlet, the 
first leaves of which are already expanded, t , Caulicnle or stem. 

Fig. 580.— Acotyledonous embryos or spores of Marcliantia polymorpha, germinating. 1 . Spore 
in the early stage Of germination. 2 . In a more advanced stage The spores are simple cells, 
which elongate during germination at some point of their surface. They are heterorhlzal. 
They may be compared to liaised embryos rather than to seeds. 
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portion. When the limb is confined in the seed, and ceases to be 
developed, the sheath often continues to grow, forming a marked 
covering of the axis. The roots in Monocotyledons during germina- 
tion (fig. 1 24 r r), pierce the radicular extremity of the embryo, and 
become covered with sheaths or coleorhizas, c c, formed by a super- 
ficial layer of cellular tissue. As the radicular extremity thus remains 
within the embryo, and sends out radicles from its surface, the plants 
are said to be endorhizal (Zvfov, within, and fag#, a root). See % 127. 

629. Dicotyledonous Ocrmi nation.— - In Dicotyledons, the cotyledons 
generally separate from the integuments, and either appear above 
ground in the form of temporary leaves (figs. 528, 529 c c), which 
differ in form from the permanent leaves of the plant (fig. 529 g ), or 
remain below as fleshy lobes. In the former case they are epigml 
(tni, upon or above, and yix, the earth), in the latter case (as in 
Beans, Arachis, & c.), they are hypogeal (0^6, under). The cotyledons 
usually separate, but sometimes they are united, and appear as one. 
In all cases, the plumule (figs. 528, 529 g) proceeds from between the 
two cotyledons, and does not pierce through a sheath as in monocoty- 
ledons. The root (fig. 528 r) is a direct prolongation of the axis, 
in a downward direction, separating from it at the collar, m, and the 
embryo is here exorhizal (££«, outwards). See IT 126 

In Acotyledons, the spore (fig. 530) has no separate embryo in its 
interior, but germinates from any part of the surface ; hence it is called 
heferorhizcil {tTepog, diverse). See If 1 28. The spore may be considered 
as a cellular embryo rather than a seed. 

630. Some seeds commence the process of germination before being 
detached from the plant. This occurs in a remarkable degree in the 
Mangrove trees, or Rlnzophoras, which grow at the middy mouths of 
rivers in warm climates. Coco-nuts often begin to germinate during 
a voyage from the tropics to Britain, and germinating seeds have 
been found in the interior of Gourds, as well as the fruit of Carica 
Papaya, the Papaw. 

631. Proliferous plants. — In place of seeds, some plants produce 
buds which can be detached and produce separate individuals. 
Flowers which are thus changed into separable buds, are called pro - 
hferous ( proles , offspring, and fero, I bear), or viviparous (virus, alive, 
and ^ano, I produce). They are met with in many alpine grasses, 
as 1 estuca ovina, var. vivipara, Aira emspitosa, var, alpina, Poa alpina, 
&c., as well as in Alliums, Triloliums, and Feins, Buds of a similar kind 
may be produced on the edges, or in the ax.il of leaves, as in Byro- 
phyllum calycinum, Malaxis paludosa, many species of Gesnera, 
Gloxinia, and Achimenes ; and the bulbils of Lilium, Ixia, and Deutaria, 
seem to be peculiar forms of buds, capable of being detached, and of 
assuming independent growth. Buds, however, differ from embryos of 
seeds in the direction of the roots being towards the axis of the plant 
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632. The length of time required for the protrusion of the radicle 
varies in different plants. Some seeds, as garden cresses, germinate ii 
the course of twenty-four hours, others require many days or many 
months. Seeds with hard coverings, or a stony perisperm, may lie 
dormant in the soil for a year or more. The following experiments 
were made in the Geneva garden, on seeds similarly watered, and ex- 
posed to a medium temperature of 53° F. It was ascertained that 
one-half of the species of the following families germinated after the 
lapse of the number of days here mentioned ; — 


Amaranthace®, . 9 days. 

Crucifer®, 10 — 

Boraginace®, Caryopliy 11 aceie, ChenopoJiace®, Malvaceae,. 11 — * 

Composite, Convolvulaee®, riantaginace®, 12 — 

Polygonace®, 13 — 

Campamilaee®, Leguminos®, V alerianace®, 14 — 

Gramme®, Labiat®, Solanace®, 15 — 

Rosace®, 17 — 

Ranunculace®, 20 — . 

Antirrhinums, Onagrariace®, 22 — 

* Umbellifer®, 23 — 


Temperature has a great effect in accelerating germination. Thus, 
Erigeron caucasicum, at a temperature varying from 49° to 53°, ger- 
minated in ten days; at a temperature from 66° to 72°, in two days; 
Dolichos abyssinicus, at the former temperature, in ten days, at the 
latter, in three ; Zinnia coccinea, in twenty-two, and five days respec- 
tively. 

633. duration of the ufe of Plants. — Plants, according to the 
duration of their existence, have been divided into annual , biennial , 
and perennial* The first of these terms imports that the seed ger- 
minates, and that the plant produces leaves and flowers, ripens its seed, 
and perishes within twelve months ; the second, that a plant germinates 
and produces leaves the first year, but does not produce a flowering 
stem, nor ripen its seed, till the second, after which it perishes : while 
the third intimates, that the process of flowering and fruiting may 
be postponed till the third year, or any indefinite period. The first 
two exercise the function of flowering in general only once, while 
the last may do so several times before dying. Under different climates, 
however, and under different modes of management, the same species 
may be annual, biennial, or even perennial. Thus, Wheat in this 
country is annual if sown early in spring, but biennial if sown in 
autumn ; in hot climates, Lolium perenne proves annual ; the Castor- 
oil plant in this country is annual, while in Italy it is a shrub of several 
years’ duration ; the annual Mignonette, by removing its flower-buds 
the first year, and keeping it in a proper temperature during the winter, 
ipljjr be rendered perennial and shrubby. Many flowering garden 
gtats, as Neapolitan Violet and Lily of the Valley, may be brought 



DURATION OF THE LIFE OF PLANTS. 


337 


into flower at a late period of the year, by pinching off the blossoms 
in the early part of the season. 

634. Plants as regards their flowering and fruiting, have also been 
divided into monocarpic (pong, one* and o>, fruit), or those which 
flbwer once only and then die ; and polycarpic ( many), or those 
which flower and fruit several times before the entire plant dies. Thus, 
annuals and biennials, which flower the first or second year and die, 
as well as the Agave, and some Palms which flower only once in forty 
or fifty years, and perish, are monocarpic ; while perennials are poly- 
carpic. Some perennial woody plants live to a great age. Some 
specimens of Adansonia digitata, the Baobab of Senegal, are said to be 
more than 5000 years old. The Yew, the Oak, the Lime, the Cypress, 
the Olive, the Orange, Banyan, and Chestnut, often attain great 
longevity. * 

635. The following is a notice of the size and age of some trees: — 


Height to which forest trees grow in France 120 to 130 feet. 

Height to which forest trees grow in America 150 to 250 — 

Height of specimens of Wellingtonia gigantea 450 — 

Trunks of some Baobabs have a girth of 90 — 

Trunk of Dracaena of the Canaries has a girth of 45 — 

That of an Acer in South Carolina has a girth of 62 — 

In France trees have often a girth of 25 to 30 — 

Oaks in Britain planted before the Conquest, mere than 800 years old 

Yew at Fountain’s Abbey, Ripou 1200 — 

Yews in churchyard of Crowhurst, Surrey 1450 — 

Yew at Fortingal, Perthshire 2500 to 2600 

Yew at Hedsor, Bucks, 27 feet diameter 3200 — 


A specimen of Ficus mdica, or the Banyan, on an isl^pd in the river 
Nerbudda, is believed to be identical with one that existed in the time 
of Alexander the Great, and which, according to Nearchus, was then 
capable of overshadowing 10,000 men. Parts of it have been carried 
away by floods, but it can shade 7000 men, and the spread ofits boughs, 
measuring its principal trunk only, is 2000 feet. The chief trunks of 
this tree greatly exceed our English Oaks and Elms in thickness, and 
are above 350 in number. The smaller stems are more than 3000 in 
number. 

636. The Maronites believe that some Cedars near the village of* 
Eden in Lebanon, are the remains of the forest which furnished Solo- 
mon with timber for the temple, full 3000 years ago. These Cedars 
were visited by Belonius in 1550, who found them twenty-eight in 
number; Rawolf, in 1575, makes them twenty-four; Dandini, in 
1660, and Thevenot, about fifty years after, make them twenty-three ; 
Maundrell, in 1696, found them reduced to sixteen ; Pococke, in 
1736, found fifteen standing; in 1810, Burckhardt counted eleven or 
twelve; and Dr. Kichardson, in 1818, states them to be no more than 
seven. They must be of great antiquity, seeing they were counted 
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old 300 years ago. Maundrell mentions the size of some of the 
Cedars. The largest he measured was 36 feet 6 inches in circum- < 
ference, and 117 feet in die spread of its boughs. 

637. Decandolle gives a list of the ascertained ages of certain 
trees : — 


Elm 335 years. 

Cypress, about 350 — 

Cbeirostemon (Hand- tree), about 400 — 

Ivy. 450 — 

Larch 576 — 

Sweet Chestnut, about GOO — 

Orange..., 630 — 

Olive 700 — 

Platanus orientalis 720 — 


Cedar 800 

Many tropical trees, according to Humboldt, about 1000 

Lime.., 1076, 1147 

Oak 810, 1080, 1500 

Yew 1214, 1458, 2588, 2820 

Taxodium , upwards of. 4000 

Adansonia 5000 

Wellingtoma ^ Ionov) 1120 


10. — General Observations on tiie Organs of Piants, and on the Mode in 

WHICH THEY ARE ARRANGED. 


638 . Before concluding the consideration of the elementary and 
compound organs of plants, it is proposed to make some general 
observations on their airangement and development. The following 
is a tabular view of the various organs to which attention has been 
directed : — 


General Arrangement of the Organs of Phanerogamous Plants. 


Membrane. 
Fibre 


I. — Elementary Organ*. 


Vehicles or Cellules 

Spiral Vessels or Tracheae. ^ 
Ducts or Tubes j 


.Cellular Tissue. 
.Vascular Tissue. 


11 — Compound Organs. 


Cuticle or Pellicle. . 
Stomata. 





1. General Integument. 


, .Epidermis. 


2. Nutritive Compound Organs, 

Spongioles.... 

Fibrils. 


Hairs, Prickles or Aculei, Stings, Glands. 
2 >or 

}■ 


• Roots. 
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Pith.... 

Medullary Sheath 

Heartwood or Duramen 

Sap wood or Alburnum 

Medullary Raya or Flates 

Liber or Endophlccum 

Cortical Layers or Epi- and Mcsophloeum, 


Bhizome. 

Tuber; 

Stem Runner, 

and Sucker. 

Branches. Corm. 

Bulb. 

J Thom. 


Petiole 

Limb or Lamina.... 


Leaf. 

Stipules. 


Phyllodia. 

Tendrils. 

Ascklia. 


Fo villa 
granules. . . 

Carpels. .. 
Ovules. ... 


3. Reproductive Compound Organs. 

Bract. Involucre. 

Sepals- Calyx, \ r<J1 ™ lth 
Petals -Corolla, | p eri ,, one< 

t r °’! en l Anther \ „ 

grains,) > Stamen? 

Filament...) 


| Ovary, ) 

< Style, >- l’is: 
(Stigma,) 



Flower. 


1 

J 


4. Composition of Ripe Fruit, 

Pericarp. 

Radicle ) 

Cotyledon. ... - Embryo I 

Plumule ) VSeed 

Sperm oderm 

Albumen or Peiisperm J J 

G39. Plants may be said to be composed of numerous individuals, 
each having a sort of independent existence, and all contributing to 
the general growth of the compound individual formed by their union. 
In the case of a tree there are a vast number of buds, each of which 
is capable of being removed, and made to grow on another tree by 
grafting ; and although each has thus a vitality of its own,. it is never- 
theless dependent on the general vitality of the tree, so long as it is 
attached to it. The same thing is seen in Sertularian Zoophytes. Each 
of the individuals forming a compound plant is called by Gaudichaud 
a phyion (c pvrov, a plant), and in it he recognizes three parts or meri - 
thalli a part, and a frond), the radicular merithal corres- 

ponding to the root, the cauline to the stem, and the foliar to the leaf, 
640. In the Acotyledonous plants, the embryo or spore consists of 
cells united together, and it is only during germination that it exhibits 
these different parts. In Monoctoyledons, the embryo consists of a 
single phyton, with a radicular merithal or radicle, a cauline or tigellus, 
and a foliar or cotyledon. In Dicotyledons, the embryo consists of 
two or more phytons united, with their foliar merithals (cotyledons) 
distinct, while their cauline and radicular merithals form each a single 
organ. 


) Fruit. 
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641. In tracing the various parts of plants, it has been shown that 
all may be referred to the leaf as a type. This morphological law 
was propounded by Linnaeus and Wolff, but it is to Goethe we owe 
the full enunciation of it. Vegetable morphology, the study of forms, 
or the reference of the forms of the parts of plants to the leaf, is now 
the basis of organography , and it will be observed, that in consider- 
ing the various organs, this has been kept constantly in view. The 
calyx, corolla, stamens, and pistil, are only modifications of the leaf 
adapted for peculiar functions. It is not meant that they were origi- 
nally leaves, and were afterwards transformed ; but that they are formed 
of the same elements, and arranged upon the same plan , and that in 
the changes which they undergo, and the relation which they bear to 
each other, they follow the same laws as leaves do. The different 
parts of the flower may be changed into each other, as into true leaves ; 
or, in other words, the cellular papilla; from which they are formed 
are capable of being developed in different ways, according to laws 
which are still unknown These changes may take place from with- 
<tyLt inwards, by an ascending or direct metamorphosis , as in the case of 
petals becoming stamens ; or from within outwards, by descending or 
retrograde metamorphosis , as when stamens become petals. 

C42. Bracts are very evidently allied to leaves, both in their col- 
our and form. Like leaves, too, they produce buds in their axil. The 
monstrosity called lien and Chicken Daisy, depends on the develop- 
ment of buds in the axil of the leaves of the involucre. The sepals 
frequently present the appearanoe of true leaves, as in the Bose. 
The petals- sometimes become green like leaves, as in a variety of 
lianunculus Philonotis, mentioned by Dccandolle, and in a variety of 
Campanula rapunculoides, noticed by Dumas. At other times they 
are changed into stamens. Dccandolle mentions a variety of Capsella 
Bursa-pastoris, in which there were ten stamens produced in conse- 
quence of a transformation of petals. The stamens in double flowers 
are changed into petals, and in Nymphsea alba there is a gradual 
transition from the one to the other. Sometimes the stamens are 
changed into carpels, and bear ovules. This has been seen in Wall- 
flower, some Willows, Poppy, &c. Petit^Thouars noticed a plant of 
House-leek, in which the one-half of the anthers bore ovules, and the 
other half pollen. The carpels, as in the double Cherry, may be seen 
in the form of folded leaves ; in double flowers they are transformed 
into petals, and in other cases they are developed as stamens. It is 
said that increase of temperature, and luxuriance of growth, sometimes 
make flowers produce stamens only. In plants having unisexual 
flowers, this is more liable to take place, as in Melon, Cucumber, &c. 
Increased vigour seems to be required for the development of stamens, 
for some fir trees in their young state bear cones, and produce male 
^ s only when they reach the prime of life. 
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643. SjniBictfT of Organ*. — In the progress of growth, the plants 
belonging to the different divisions of the vegetable kingdom follow 
certain organogenic laws (^y«vov, an organ, and yevuxetv, to produce), 
the operation of which is seen in the definite arrangement of their 
organs. The flower consists sometimes of three, at other times of four 
or five equal sets of organs, similarly and regularly disposed. Thus, 
the Iris has three 'straight parts of its perianth, and three reflexed ones 
alternately disposed, while the Fuchsia has four parts of the calyx 
alternating with four petals, and the Rose has five alternating portions. 
This orderly and similar distribution of a certain number of parts is 
called symmetry, and flowers are thus said to be symmetrical with vari- 
ous numbers of members. When the number of parts is two, the 

flower is dimet'ous (&!$-, twice, 
and a part) (fig. 531), 

and the symmetry two-mem- 
bered. When the number of 
parts is three, the flower is 
trimerous three), awl 

when the parts are arranged 
in an alternating manner (fig. 





532), the symmetry is trigonal 
or triangular (r^;, three), and 
y*>i //*, an angle), as in the Lily. 
When there are four parts, the 
flower is tetramerous (t erects, 
four), and the symmetry is 
tetragonal or square (figs. 533, 
534), as in Galium and Paris. 


533 634 When there are five parts, the 

flower is pentamerous (irwre* five), and the symmetry pentagonal (fig. 
535), as in Ranunculus. The number of parts in the flower is indi- 
cated by the following symbols : — Dimerous ^ Trimerous Tetra- 
merous # Pentamerous $ . 


644. There are also other kinds of arrangements in flowers, which 
may be referred to certain modifications in the organogenic law. Thus, 
what is called oblong or two and two-membered symmetry, occurs in 
cases where the opposite ends are similar, and the opposite sides as in 
the arrangement of the stamens of Cruciferae. Again, simple symmetry 
is that in which the two sides of the object are exactly alike, without 


Fig. 531.— Diagram of the dimerous flower of Circ«a Lutetiana, Enchanter’s Nightshade. 
There are two carpels, two stamens, two divisions of the corolla, and two of the calyx. The 
flower is Isostemonous. 

Fig. 532.— Diagram of the trimerous Isostemonous flower of Cneorwn tricoccum. The floral 
envelopes are arranged in sets of throe, and so are the essential organs. 

Fig. 538. — Diagram of the tetramerous Isostemonous flower of Ziena. The organs are ar- 
ranged in verticils of four parts each. 

Fig. 534.— Diagram of the tetramerous Diplostemonous flower of Ruta graveolcns. There are 
four carpels, eight stamens, or four in each verticil, four folioles of the calyx, and four petals 
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any further repetition, as in papilionaceous, personate, and labiate 
flowers, as well as in most leaves. The term symmetry, however, is 
properly confined to cases where the parts are arranged alternately, 
and are either equal or some multiple, of each other, and has no 
reference to the forms of the different parts. In the very young state, 
the parts of the flower appear as a shallow rim, from which the petals 
and sepals arise as mammillse, in a symmetrical maiiVier. In the case 
of irregular corollas, the parts at first appear regular, as shown by 
Barneoud.* In speaking of flowers, it is usual to call them symmetrical 
when the sepals, petals, and stamens follow the law mentioned, even 
although the pistil may be abnormal. Thus, many Solanacese are 
pentamerous, and have a dimerous ovary, yet they are called sym- 
metrical. In Cruciferse, the flowers are, properly speaking, unsym- 
metrical, for while there are four sepals and four petals, there are six 
stamens in place of four. This depends apparently on the long stamens 
being in reality composed only of two, the filament of each of which is 
split by a process of cliorization 383), and each division forms for 
itself by multiplication a perfect anther. In Papilionaceous flowers, 
the parts are usually symmetrical, there being five divisions of the 
calyx, five petals, and ten stamens in two rows. 


c 
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645. It will be seen that flowers constituting trigonal or pentagonal 
symmetry, may present what has been called simple symmetry, when 
one of the petals or sepals becomes more developed than the others. 
In Dicotyledonous plants, it is common to meet with pentagonal (figs. 
535, 536, 537) and tetragonal (figs. 533, 534), symmetry, the parts 
being arranged in fives and fours, or in multiples of these numbers. 
It is common to find the stamens more numerous than the petals, and 
in thafrease they are arranged in different verticils, each alternating 

* Aunales des Sciences Naturelles, November, 1 346. 

Fig. 535.— Diagram of the pentamerous Tsostemonous flower of Cniesula rubens. e c ccc Parts 
of the calyx, p ppp p, Petals alternating with the leaves of the calyx, e e e e e, Stamens alter- 
nating Avitli the petals, a, Acoessmy bodies in the form of scales, or a disk alternating with the 
stamens. These scales arc often an abortive row of stamens, o, Carpels alternating with the 
stamens, and opposite to the scales 

Fig. 53C.— Diagram of the pen tarn emus flower of Scdum Telephium. The stamens are ten, 
arranged in two alternating verticils The flow'd* is Diplostemonous. 

Fig. 537 — Diagram of the pentamerous Diplostemonous flower of Coriaria myrtifolia; the 
parts of the four w horls alternating, the \erticil ot stamens being double. 

Fig. 538.— Diagram of tho tmnerous Diplostemonous flower of Oraithogaliim pyrenaicum. 
Stamens six in two alternating vemcils. 
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with that next it. Thus if there are five sepals, five petals, and twenty- 
stamens, the latter are considered as forming four verticils. No doubt • 
the verticils are often traced with difficulty, more especially when 
adhesions take place. In Monocotyledons (fig. 538), the parts are 
usually in sets of three, or in some multiple of that number, exhibiting 
trigonal symmetry. In Acotyledons, when any definite number can 
be traced, it is found to be two, or some multiple of two. The teeth 
of Mosses are in sets of four, or some multiple of four. The spores of 
many Acotyledons are also arranged in fours. 

646. Teratology. — There has thus been traced a tendency to sym- 
metrical arrangement in plants. But the parts of plants are often 
modified by natural causes which cannot be explained. It is assumed 
that each of the similar members of a flower have the same organiza- 
tion, and a similar power of development , and hence, if among these 
similar parts some are less developed than others, they are considered 
as abortive , and these abnormal states are traced to changes which 
take place in the earlier stages of growth. Such changes often inter- 
fere with the symmetry of the flower. Alteration in the symmetrical 
arrangement, as well as in the forms of the different parts of plants, 
have been traced to suppression or the non-development of organs, 
degeneration or imperfect formation, adhesion or union of one part to 
another, multiplication of parts, and unlining or chorization . The study 
of Teratology (t s^ag a monstrosity, and TvoVo?, treatise), or of the 
monstrosities occurring in plants, has led to many important conclu- 
sions relative to the development of organs, and it is only by tracing 
the parts of plants through all their stages and transformations, that 
correct ideas can be formed as to their relations and forms. 

647. By suppression is meant the non-appearance of an organ at the 
place where it ought to appear if the structure was normal , the organ 
being wanting to complete the symmetry. This suppression is liable 
to occur in all the parts of plants, and gives rise to various abnor- 
malities. Suppression may consist in the non-appearance of one or 
more parts of certain verticils, or of one or more entire verticils. In 
the flowers of Staphylea (fig. 539), there are five parts of the calyx, 
five petals, five stamens, and only two carpels ; in many Caryophyllaceas, 
as Polycarpon and Holosteum (fig. 540), while the calyx and corolla: 
are pentamerous, there are only three or four stamens afcl three 
carpels ; in lmpaticns noli-me-tangere (fig. 541), the calyx is composed 
of three parts, while the other verticils have five ; in Labiate flowers, 
there are five parts of the calyx and corolla, and only four stamens ; 
and in ’Tropaeolum pentaphyllum (fig, 542), there are five sepals, two 
petals, eight stamens, and three carpels. In all these cases, the want 
of symmetry is traced to the suppression of certain parts. In the last 
mentioned plant, the normal number is five, hence it is said that 
there are three petals suppressed, as shown by the position of the two 
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remaining ones (fig. 542) ; there are two rows of stamens, in each of 
which one is awanting, and there are two carpels suppressed. In many 
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instances the parts which are afterwards suppressed can be seen in the 
early stages of growth, and occasionally some vestiges of them remain 
in the fully developed flower. Sometimes ^ 

the whorl of the petals is awanting, the 
flowers being apetalous (a, privative, and 
viTu^ov, a leaf) (fig. 543), and in such cases 
it is common to see the stamens opposite to 
the segments of the calyx, as in Chenopo- 

diaceae (fig. 544). That this suppression of the petals takes place is 
shown in the case of certain allied plants, as in the natural orders 
Caryophyllaceae and Paronychiaceae, where some species have petals 
and others want them. 

648. By the suppression of the verticil of the stamens or of the 
carpels, flowers become unisexual (units, one, and sexus, sex), or diclin- 
ous (Sif, twice, and k^Ivyi, a bed), and are marked thus, $ $ ; the 
first of these symbols indicating the male, and the second the female 
flower. Thus, in Jatropha Curcas (fig. 314), the flowers have five 
segments of the calyx, and five petals, while in some (fig. 314, 1) the 
pistil is awanting; in others (fig. 314, 2), the stamens. In the genus 


Fig. 539.— Diagram of the flower of Stapliylea pirmata. The parts of the calyx, corolla, and 
stamens are pentamerous, while the pistil, in consequence oi the suppression of three carpels, is 
dimerous. 

* Fig MO —Diagram of the flower of Holosteum umbcllatum. There are five calycine divisions, 
and five peAls; but the stamens, by the suppression of one, are only four in number; while tho 
carpels are^y suppression, reduced to tlnee. Thus the flower is unsymmetrical. 

Mg Ml.— Diagram of the flower of Impaticns parviflora, with one of the calycine leaves 
spurred. There are five carpels, five stamens, five petals, one of which is larger than the rest, 
hut only three parts of the calyx, in consequence of suppression. 

Mg. M‘2.— Diagram of the flower of Tropsoolum pentaphyllum, with a spurred or calcarate 
calycine leaf The petals, hy suppression, are reduced to two; the stamens are eight in place of 
ten, and the carpels three in place of five. 

Fig 543.— Diagram of the flower of Glaux marltima, showing the suppression of the verticil of 
the ^porolla. There are five divisions of the calyx, five stamens alternating with them, and five 
divisions of the ovary, with a central placentation. 

Fig. 544 — Diagram of the flower of Chenopodium album, showing the suppression of the ver- 
ticil of the corolla. The five stamens, in this case, are opposite to the divisions of the calyx, thus 
exhibiting the arrangement which might be expected from a non-development of the corolla. 
The divla&ns of the ovary are not easily seen, the placentation being central. 
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Lychnis, there are usually stamens and pistil present, or the flower is 
hermaphrodite, or monoclinous (pons, one, and x?uV)j, a bed) ; but in 
Lychnis dioica, some flowers have stamens only ; others pistils only. 
Thus it is that monoecious and dioecious (pons, one > ^V» twice, and qduov, 
a habitation) plants are produced by the suppression of the essential 
organs of the flowers, either of the same or of different individuals of 
the same species ; while polygamous (irons’ many, and yupog, mar- 
riage) plants are those in which, besides unisexual, there are also her- 
maphrodite or perfect flowers. 

649. Some parts of the pistil are generally suppressed in the pro- 
gress of growth, and hence it is rare to find it symmetrical with the 
other whorls. When the fruit was treated of (IT 522), it was shown 
that carpels and ovules often become abortive by pressure and 
absorption, so that the pericarp and seeds differ in their divisions 
and numbers from the ovary and ovules. If the whorls of the calyx 
and corolla are awanting, the flower becomes naked or achlamydeous 
(V 351). It may still, however, be fitted for the functions of producing 
seed ; but if the essential organs, viz., the verticils of stamens and 
pistils, are suppressed, then the flower, however showy as regards its 
envelopes, is unfit for its functions, and is called neuter . Flowers hav- 
ing stamens only, are staminiferous , staminal , sterile ; those having 
pistils only, are pistillifcrous , pistillate , or fertile. The suppression of 

© cj a >?? *.», ®: 

645 646 647 648 64 9 650 

various verticils, and parts of them, is well seen in the family of the 
Euphorbiacem (figs. 545 — 550). Thus, in fig. 545 is delineated an 
apetalous trimerous staminal flower ; in fig. 546 one of the stamens is 
suppressed, and in fig. 547 two of them are awanting. Again, in figs. 
548, 549, 550, the calyx is suppressed, and its place occupied by one, 
two, or three bracts (so that the flower is, properly speaking, achla- 
mydeous), and only one or two stamens produced. In fig. 550, 1, 
there is a sterile flower, consisting of a single stamen with a bract ; 
and in fig. 552, 2, a fertile flower, consisting of a single carpel with a 


Figs. 646— 550.— Diagrams of flowers of Euphorblaceous plants, becoming more- and more 
simple. (1.) The calyx is the only envelope, and consists of three parts in figs. 645, 546, and 547. 
It is completely suppressed in figs. 548, 549, and 650, and its place is occupied by a bract, in tlie 
axil of which the flower is produced; this bract being accompanied in figs 648 and 649 with two 
small bractlets. (2.) The male flowers in fig 645 have three stamens, in figs. 646 and 648 they 
have two, in figs. 647 and 549 one stamen only is developed, and in fig. 550, 1, the solitary stanm** 
has only one anther-lobe. (3.) The female flower in fig. 650, 2, is reduced to a single carpel, with 
* bract in the axil of which it is pi oduced. 

Fig. 645.— Diagram of a stammiferous flower of Tragia cannabina. 

Fig. 546 —Diagram of a staminiferous flower of Tragia volubllis. 

Fig. 647.— Diagram of a staminiferous flower of Anthostema senegalense. 

Fig. 648.— Diagram of a staminiferous flower of Adenopeltis colbguaya. 

Fig 649.— Diagram of a staminiferous flower of a Euphorbia. . 

Fig. 650.— 1. Diagram of a staminiferous flower of Naias minor. 2. Of a pistilliferous flower 0T 
Jv’aias major. 
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bract. There is thus traced a degradation^ as it is called, from a flower 
with three stamens and three divisions of the calyx, to one with a single 
bract and a single stamen or carpel. 

650 . It is common to find some of the buds of a plant suppressed, 
thus altering the spiral arrangement. Such buds, however, are often 
capable of being developed, if any accident occurs, or if the plant is 
pruned. Deficiency of light and of air, and want of proper nourish- 
ment, are capable of producing abortions of various kinds. The non- 
development of a branch gives rise to clustered or fascicled (fastis* a 
bundle of twigs) leaves, as in the Larch, and to fascicled twigs, as in 
a common bird-nest-like monstrosity of the Birch. When the true 
leaves of a plant are suppressed, their place may be occupied by a 
tendril, as in Lathyrus Aphaea, in which the stipules perform the 
functions of leaves (^f 201); or the petiole may be developed in a 
peculiar way, as in the phyllodia (^[ 157) of some Acacias. 

651. Degeneration , or the transformation of parts, often gives rise 
either to an apparent want of symmetry, or to irregularity in form. 
Branches, when not properly developed, may assume the form of 
thorns or spines (^[ 200), as in the Hawthorn and Wild-plum ; and 
by culture these spines may be converted into leaf-bearing branches. 
Leaves often become mere scales, as in Lathrma, Orobanche, and in 
Bulbs. The limb of the calyx may appear as a rim, as in some Ura- 
belliferae ; or as pappus, in Composite and Valeriana. In Scrophu- 
laria, the fifth stamen appears as a scale- like body, called staminodium 
(fig. 346) ; in many other plants belonging to the Scrophulariaceae, it 
assumes the form of a filament, with hairs at its apex in place of an 
anther. In unisexual flowers, it is not uncommon to find vestiges of 
the undeveloped stamens in the form of filiform bodies or scales. To 
many of these staminal degenerations, Linnaeus gave the name of 
nectanes. In double flowers, transformations of the stamens and pis- 
tils take place, so that they appear as petals. In Cannae, what are 
called petals are in reality metamorphosed stamens. Allusion has 
already been made to the various changes which the different parts of 
the flower thus undergo. The object of the florist is to produce such 
monstrosities ; and flowers, which by him are considered perfect, are 
looked upon by the botanist as imperfect, from the want of the essen- 
tial organs. 

652 . Adhesion, or the growing together of parts, is a very common 
cause of changes both as regards form and symmetry. The union of 
stems gives rise occasionally to anomalies, as in the fasciated stalk 
of Cockscomb (fig. 230), and the flattened stems of some Conifer© 
(^f 197), and probably also the peculiar stems of certain Sapindaceae 
and Menispermace© of Brazil (^f 90). Some of these, however, may 
perhaps be traced not to adhesion, but to an abnormal development 
^j^uds, producing wood only in one direction in place of all round. 
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Natural grafts occasionally occur from one branch of a tree uniting to 
another. Roots also sometimes become grafted, and to this has been 
attributed the vitality occasionally preserved by the stumps of Spruce- 
firs which have been felled on the Swiss Alps. The union of two leaves 
by their base, forms a connate leaf, and the adhesion of the lobes of a 
single leaf on the opposite side of the stalk, gives rise to perfoliate 
leaves (fig. 156). The union of the edges of a folded leaf forms As- 
cidia, or pitchers (figs. 184, 187). The different parts of the same 
verticil of the flower unite often more or less completely, giving rise 
to a monophyllous or gamophyllous involucre (^f 347); a mono- 
sepalous or gamosepalous calyx (fig. 273) ; a monopetalous or 
gamopetalous corolla (figs. 293, 294, &c.); monadelphous (figs. 
307, 314, 1), diadelphous (^f 399), and polyadelphous (figs. 315, 
551) stamens; syngenesious anthers (4 417); a gynandrous 
column (1[ 400), and a syncarpous ovary (fig. 383). The different 
verticils of the flower are frequently adherent. The calyx is often 



united to the corolla or to the stamens, or both (fig. 308) ; the stamens 
may adhere to the corolla (fig. 552); or there may be a union of the 
four verticils of the flower, so that the calyx becomes superior 
(fig. 309). In some instances, when the axis is elongated, adhesions 
take place between it and certain whorls of the flower. Thus, in some 
Caryophyllaceac (fig. 553), the calyx, c, bearing the stamens, t , and 
petals, p, becomes united to the axis, g , which supports the ovary, o. 
In Capparidacem (fig. 554), the calyx, c, and petals, p, occupy their 
usual position, but the axis is prolonged in the form of a gynophore, 
ag f to which the stamens, e, are united. Occasionally, contiguous 
flowers may unite 4 giving rise to double fruits, as is sometimes seen in 
Apples, Grapes, and Cucumbers. 

653. Multiplication , or an increase of the number of parts, gives rise 

Fig 55].— -One of the five bundles of stamens taken from the polyadelphous flower of Molva 
minirtta. Stamens are united by their filaments. 

Fig. 652.— Portion of the gamopetulous or monopetalous corolla, p , of a Collomia, showing part 
of the tube, t, terminated by two lobes of the limb, l, and having the stamen, e, inserted Into It, 
and united to it, so that the upper purt ot the filament, *, only Is fiee. 
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to changes in plants. It is often found, that in plants belonging to the 
same natural order, the number of stamens in one is greater than that 



in another, either in consequence of additional stamens being developed 
in the verticil, or on account of the production of additional verticils. 
The same thing is met with in the case of the other whorls, and is 
well illustrated in the formation of the disk (if 428). Multiplication 
causes a repetition of successive whorls, which still follow the law of 
alternation. 

654. Parts of the flower are often increased by a process of dedupli- 
cation , unlining , dilamination , or chorization , i.e. the separation of a 
lamina from organs already formed (if 383). This is believed to take 
place in a remarkable degree in the case of appendages to petals. 
Thus, in Ranunculus, the petal (fig. 555) has a scale at its base, a, 
which is looked upon as a mere fold of it. This fold may in some 
cases be more highly developed, as in Caryophyllaceee, and in Cras- 
sula rubens (fig. 258 «), and it may even assume the characters of 
a stamen, which will therefore be opposite the petal, as in Primu- 
laceae. Some do not consider the production of scales or stamens 
opposite to the petals, as the result of chorization. Lindley argues 
against it from what is observed in Camellia japonica, in which the 
petals are usually alternate ; but, by cultivation, the law of alternation 
is interfered with, and the parts are so developed that the petals are 


Fig. 558.— Flower of LychnisYisoaria, one of the Caryophyllacem, cut lengthwise, to show the 
relation of its different parts, c , Gamosepalous calyx, p, Petals with their elongated unguis or 
claw, v «, their limb, 1 1, and the appendages, a a , in the form of dilamir.ated scales of the petals. 
« e, Stamens. Pistil consists of the ovarv, o, and five styles, s. g. Prolongation of the axis in the 
form of a gynophore, or anthophore bearing the petals, the stamens, and the pistil. 

Fig 554 — Flowci of Gynandropsis palnnpes, one of the Cappnridacese. c, Calyx, p. Petals, 
e, stamens, a g\ Gynophore or elongated mtemode or axis bearing the stamens, a g", Gyno- 
phore or elongated uitemode bearing the pistil. o/ } Pistil composed of an ovary, o , a style and 
asllgma,/. 
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opposite, and run in several regular lines, from the. centre 
to the circumference. Again, by this process of chorization, 
one stamen may give rise to several. Thus, in Luhea pani- 
culata (fig. 316, 1), in place of five stamens there are five 
bundles (fig. 316, 2 ), composed partly of sterile filaments,/ 5 , i 
and partly of filaments bearing anthers, / a ; and each of 
these bundles is traced to a deduplication of a single stamen, 
inasmuch as they arise from one point, and do not follow the 
law of alternation. Thus, dilamination repeats the single 
organs, and causes opposition of parts. In the case of the 
four long stamens of Crucifene 644), chorization is said to 
take place by a splitting of the filaments of two stamens ; and 
thus the two stamens on each side are, by gemination ( gemini , twins), 
normally one. This view is confirmed by cases in which the fila- 
ments of the long stamens are more or less united ; also, by cases in 
which the shorter filaments exhibit tooth-like processes on either side, 
while the longer ones have them only on the outer side. In such 
cases, the two long filaments, if united, would present the same appear- 
ance as the shorter ones, and occupy their usual position of alternation 
with the petals. In some instances, by pelorization mon- 

strous), it is found that tetradynamous plants become tetrandrous 
with -equal stamens alternating with the petals. 

655. Cultivation has a great effect in causing changes in the various 
parts of plants. Many alterations in form, size, number, and adhesion 
of parts, are due to the art of the horticulturist. The development 
of cellular tissue and of starchy matter is often thus much increased, 
as may be seen in the case of Turnips, Carrots, and Potato. The 
succulence of the leaves of the Cabbage and Lettuce, and the forma- 
tion of a heart , as it is called, is due to cultivation ; so also the curled 
leaves of Savoys, Cress, Endive, &c. The changes in the colour and 
forms of flowers thus produced are endless. In the Dahlia, the 
florets are rendered quilled, and are made to assume many glowing 
colours. In Pelargonium, the flowers have been rendered larger and 
more showy ; and such is also the case with the Ranunculus, the Au- 
ricula, and the Carnation. Some flowers, with spurred petals in their 
usual state, as Columbine, are changed so that the spurs disappear ; 
and others, as Linaria, in which one petal only is usually spurred, are 
altered so as to have all the petals spurred. 

Fig. 555.— Petal of Ranunculus Ficarla, viewed on the inside i, The limb a, Small scaly 
appendage at its base formed by chorization or dilamination. 

p 2 
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SECTION IV. —SOME GENERAL PHENOMENA CONNECTED WITH 
VEGETATION. 

1. — Vegetable Irritability. 

656. Under this head are included certain sensible movements of 
living plants, exercised without any direct application of mechanical 
force, and not referable to mere elasticity, or the hygroscopic nature 
of the tissues. These motions are influenced chiefly by light and heat, 
and, like many phenomena occurring in organized beings, they cannot 
at present be explained by chemical or mere mechanical laws. They 
may, however, be excited by stimuli of a chemical or mechanical 
nature. Although the cause of them is obscure, still, in some instances, 
their use is obvious. 

657. Among the lowest classes of plants there are some peculiar 
movements of this kind. The simplest members of the Sea-weed tribe 
occasionally move throughout their whole substance.- Oscillatorias, 
which are filaments composed of cells placed end to end, containing 
fluid and granular matter, have an undulating movement, by means of 
which they advance. When placed in fluids under the field of the 
microscope, some of them may thus be seen to pass from one side to 
the other. The filaments sometimes twist up in a spiral manner, and 
.then project themselves forward by straightening again. The motions 
are influenced by temperature and light, and by some are considered as 
being connected with the production of new cells. The spores of many 
Cryptogamic plants, especially species of Vaucheria, Conferva, and 
Prolifera, exhibit motions which, according to Thuret and Decaisne, 
depend on the presence of cellular hair-like processes, called cilia or 
tentacula. These motive organs are in a state of constant agitation, 
which lasts for some hours, becoming slower, and finally ceasing after 
germination has commenced. In the spores of Conferva glomerata 
and rivularis (fig. 431), there are two of these cilia or filiform tenta- 
cula, which project from a colourless rostrum. In Cbsetophora ele- 
gans, var. fusiformis, four have been seen (fig. 432) j in Prolifera (fig. 
433), there is a circle of cilia, and in Vaucheria (fig. 434), the spore 
is entirely covered with very short cilia, the vibration of which deter- 
mines their forward movement. These spores, from their movements, 
have received the name of Zoospores {% 492). Mr. Thwaites accounts 
for the rhythmical movements of cilia by electrical currents. In cer- 
tain cells of Cryptogamic plants, especially in what are called Anther- 
idia, bodies are* met with called Phytozoa or Spermatozoids (1 491), 
which also exhibit movements during a part of their existence. 

658. Remarkable movements have also been observed in the higher 
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classes of plants. The fovilla contained in the pollen-grain in a young 
state, when moistened with water, exhibits movements when viewed 
under the microscope. These movements have by some been referred 
to irritability, but by Brown and other accurate observers, they are 
considered as merely molecular, and similar to what takes place between 
the minute particles of inorganic matter — as, for instance, finely 
powdered Gamboge suspended in water. These fovilla movements are 
easily seen in the very young pollen of Antirrhinum majus. Certain 
movements also take place in the iloral envelopes. Thus many flowers 
open and close at particular periods (If 483 — 485) ; these phenomena 
depending on light, temperature, and moisture. Leaves also, especially 
those*which are compound, are folded at certain periods in a distinct 
and uniform manner. What was called by Linnaeus the sleep of plants, 
is the change produced on leaves by the absence of light. It is by no 
means analogous to the sleep of animals. Luring darkness some are 
slightly twisted and hang down ; others, such as pinnate and ternate 
leaves, have the leaflets folded together, and frequently the common 
petiole depressed. The youngest leaflets first exhibit these changes ; 
and when the plants become old, and their tissues hardened, the 
irritability is often much diminished, as is seen in Oxalises. The fold- 
ing of the leaflets of compound leaves usually takes place from below 
upwards, but sometimes in the reverse manner, as in Tephrosia 
Caribaea ; so also with the common petiole, which is directed upwards 
during sleep in the Cassias, and downwards in Amorpha. When be- 
sides the common petiole there are partial petioles, as in the Sensitive 
plant, they may be bent inwards towards each other, while the former 
is bent downwards. 

659. Mimosa sensitiva and pudica, commonly called sensitive plants, 
display these movements of their leaves in a remarkable* degree, not 
only under the influence of light and darkness, but also under 
mechanical and other stimuli. They have bipinnate leaves with four 
partial petioles proceeding from a common rachis, and each of the 
petioles is furnished with numerous pairs (about twenty) of leaflets, 
which are expanded horizontally during the day. During darkness, 
or when touched or irritated in any way, each leaflet moves upwards 
towards its fellow of the opposite side, which in its turn rises up, so 
that their upper surfaces come into contact. When tho movement 
commences at the apex of the leaf, it usually proceeds downwards to 
the base, and thence may be communicated to the leaflets of the next 
partial petiole, and ultimately to the common petiole, which falls down 
towards the stem. The partial petioles then converge towards each 
other, and have a tendency to become parallel to the common petiole, 
at the extremity of which they are suspended. When the plant is 
shaken as by the wind, all the leaflets close simultaneously, and the 
petioles drop together. If, however, the agitation is long continued, 
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the plant seems as it were to become accustomed to the shock, and 
the leaflets will expand again. The stem itself is not concerned in 
the movements. It may be cut and wounded cautiously without 
causing any phange in the leaves, and a portion of it may be removed 
with a leaf attached, and still remaining expanded. If, however, a 
mineral acid is applied to the stem, after some time the petioles will 
fall and the leaflets collapse — the leaves perishing with the stem which 
has been moistened. The chemical action of the acid and absorption 
cause these phenomena. When a sensitive plant is exposed to artificial 
light during the night, Decandolle found that its leaves expanded, and 
that they closed when put into a dark room during the day, showing 
the influence which light has on these phenomena. It is *to be 
remarked, however, that if the plant is kept for a long period of time 
in darkness, it will ultimately expand its leaves, and the phenomena 
of folding and opening will go on, although a^very irregular intervals. 

660. The ternate leaves of many species of Oxalis fold not merely 
during darkness, but also when agitated or struck lightly and repeat- 
edly. Each of the leaflets folds upon itself, and then bends downwards 
upon the common petiole. The plant called Desmodium gyrans, the 
moving plant of India, ha9 compound leaves consisting of a large 
terminal leaflet, and usually two smaller lateral ones. The latter are 
in constant movement, being elevated by a succession of little jerks, 
until they come into contact, and sometimes even slightly cross each 
other ; after remaining in this position for a short time, they separate 
from each other, and move downwards by rapid jerks on opposite sides 
of the petiole. This process is constantly repeated, and goes on in a 
greater or less degree, both during day and night, but is most vigorous 
during warm moist weather. The large terminal leaflet undergoes 
movements also, oscillating very gradually from one side to the other, 
and becoming horizontal or depressed. By the lateral oscillatory 
movement, the leaf becomes inclined in various ways, often assuming 
a remarkable oblique direction. The upward and downward move- 
ments seem to depend on the influence of light and darkness. During 
the day the leaf becomes more or less horizontal, while during dark- 
ness it hangs down. Similar movements are seen in other Bpecies of 
Desmodium, as D. gyroides and vesper tilionis. 

661. The movements in these cases have, by Martius and Meyen, 
been referred to the presence of some structure analogous to the 
nervous system in animals. There is, however, no evidence of such a 
structure in plants, and these authors have^iot pretended to prove its 
existence. It is to be remarked, that the movements differ in many 
respects from animal contractility. They are usually hinge movements, 
and may be referred to certain changes in the organs, causing dis- 
tention or contraction of these tissues. Dutrochet and Morren refer 
them* to alterations in the circulation of fluids and air in the vessels 
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and cells* In plants with irritable leaves, there are frequently 
swellings where the leaflets join the stalk, as well as where the stalk 
joins the stem. These swellings contain cells which differ in their 
dimensions and their contents, and the movements are considered as 
being produced by changes in the contents of the cells, some of which 
become more distended than others, and thus cause incurvation or 
folding. In these swellings the vascular bundles are disposed in a 
circle near the periphery, and may be concerned in the movements. 
Mechanical and chemical stimuli are supposed to act by inducing 
alterations in the contents of the vessels and cells. 

662. In the case of the sensitive plant, if the swelling at the base df 
the common petiole is touched even slightly on its lower side, it is 
followed by instant depression of the whole leaf, but no such effect is 
produced if the upper portion of the swelling is lightly touched. 
Again, touching the little swelling at the base of each leaflet on its 
upper side, causes the upward movement of the leaflet, but no such 
effect follows cautious touching of the lower part of the swelling only. 
If a pair of leaflets is touched at the extremity of a petiole, the irritation 
is usually continued downwards from apex to base ; but if a pair at the 
base are touched, the progress of folding is reversed. Clear warm 
weather, with a certain degree of moisture, seem to be the conditions 
most favourable for these movements. They are seen best in young 
plants. The leaves of the sensitive plant contract under the action of 
electricity and galvanism. Some suppose, that in the sensitive plant 
there are two kinds of cells connected with the upper and lower sides 
of the leaves and petioles ; the one set being contractile, and causing 
the closing of the leaflet and the fall of the petiole, the other being 
acted on chiefly through the circulation. In the case of the petiole, 
it is conceived that the tissue on the lower side of the swellings is 
contractile, while that in the upper is distensible. The turgescence 
of the latter, which is kept up by light, counteracts the contractility of 
the former, and maintains an equilibrium, so as to keep the petiole 
erect; but when acted on by cold, mechanical irritation, &c., the 
equilibrium is disturbed, and the contractility operates in depressing 
the petiole. A careful microscopic dissection of the swellings, shows 
peculiar cells in some parts, which* seem to differ in their contents 
from others in their vicinity. 

663. In the sensitive species of the Desmodium and Oxalis, the 
movements are not so evidently influenced by mechanical irritation. 
In the former, the little leaflets are supported on swollen petiolules, 
and it is to the curvation and twisting of these in different directions, 
that the movements seem to be owing. The leaflets remain flat and 
do not fold on themselves. It is said that by arresting the vital 
actions going on in the leaflets, by giving them a coating of gum, and 
thus preventing transpiration and respiration, the movements are 
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stopped, and that they recommence when the gum is removed by 
water. Cutting a leaflet across, and only leaving a small portion of its 
lamina attached to the petiolule, does not immediately stop the move- 
ment of gyration. In such a case, however, the motion ultimately 
ceases, while it continues in the uncut leaflet. So also, if a leaflet is 
divided longitudinally into two parts, each of them continues to move 
for a time, but the motions cease as the process of desiccation goes on. 

664. There are occasionally cellular prolongations from the leaf, 
which, when touched, cause folding. Thus, in Dionsea muscipula, 
or Venus’s fly trap, the lamina is articulated to the petiole, and consists 
Of two free portions which are united together by a joint along the 
midrib. On the upper side of each part of the lamina are situated 
three hairs with swellings at the base, and when these hairs are 
touched, the halves approach each other from below upwards, so as 
to enclose any object, as a fly, which may happen to light on them. 
Similar movements, but in a much less obvious manner, are said to 
take place in the leaves of Droseras or Sun-dews. The movements 
are attributed to the same causes as those already mentioned, but the 
ultimate object is not known. 

665. Movements take place in some parts of the flower, occasionally 
with the view of scattering the pollen on the stigma. The stamens 
of various species of Berberis and Mahonia arc articulated to the torus 
or thalamus, and when touched at their inner and lower part, move 
towards the pistil. In Parnassia palustris, the stamens move towards 
the pistil in succession to discharge their contents. The Ilelianthe- 
mum vulgare or common Rock-rose, exhibits staminal movements 
also connected with the bursting of the anthers. Morren has noticed 
sensitiveness in the androccium of Sparmannia africana and Cereus 
grandiflorus. In the Nettle and Pellitory, the filaments are confined 
in a peculiar way by the perianth, and at a certain period of growth 
they are released so as to allow their elasticity to come into play, by 
means of which the pollen is forcibly scattered (^[ 497). In Goldfussia 
or Ruellia anisophylla, the style has a curved stigmatic apex, which 
gradually becomes straightened, so as to come into contact with the 
hairs of the corolla, upon which the pollen has been scattered ; and in 
Mimulus and Bignonia (fig. 406}, the stigma has two expanded lobes 
which close when touched, a movement apparently in some way con- 
nected with fertilization. In the Passion-flower, and some Cacti, the 
styles move towards the stamens. The species of Stylidium have the 
filaments and styles united in a common column, at the upper part of 
which the anther-lobes and stigma are placed. The column often 
projects beyond the flower, and is jointed. At the articulation an 
irritable swelling occurs, which when touched or acted upon by heat 
and light, causes a sudden incurvation by which the column is thrown 
tQ^e opposite side of the flower, bursting the anthers and scattering 
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the pollen on the central stigma. After a time the column recovers 
its position. TheSe movements take place in the flower for some time 
after it has been removed from the plant and kept in water (IT 497). 
Certain petals in some*flowers, as in Orchidacese, are said to move. 
Morren notices this in the case of species of Megaclinium and Pteros- 
tylis. Gentiana sedifolia closes its petals when touched. Draksea 
elastica, a Swan River terrestrial Orchid, is remarkable for the irrita- 
bility of the stalk of the labellum. This stalk exhibits a moveable 
joint like an elbow. 

666. Chemical agents have an effect on the movements of plants. 
Some act by causing irritation, others by destroying irritability* ifar- 
cotic poisons, as opium, belladonna, and hydrocyanic acid, either 
taken up by the roots or applied externally, destroy the irritability of 
plants. They cause closure of the leaves of the sensitive plant, and 
render it insensible to the action of stimuli. Their prolonged action 
causes death, but if they are applied in moderate quantity, the plant 
may recover, and again unfold its leaflets. It frequently happens, 
however, that the irritability continues for some time much impaired ; 
so that mechanical stimuli do not act in the same rapid and energetic 
manner as at first. Similar effects are produced by ether and chloro- 
form when sensitive plants are introduced into an atmosphere through 
which these substances are diffused. The effects may be produced 
locally by applying the vapour only to certain parts of the plant. 
Experiments on the action of poisonous agents, both in the fluid and 
gaseous state, have been performed by Marcet, Christison, Turner, 
and others (^[ 292 — 296).* 


2. — Temperature of Plants. 


6G7 . The heat developed during the expansion of flowers and the pre- 
paration of the pollen, especially in the case of Aroidese, and also at the 
period of germination, has been already considered (f 475, 476, &c.) 
These phenomena appear to be strictly of a chemical nature, and may 
be traced to the absorption of oxygen, and its combination with the 
carbon of the starch, the latter being converted into dextrine and 
grape sugar. It is now proposed to consider the observations which 
have been made relative to the general temperature of plants. 

668. Great differences of opinion have prevailed as to the existence 
of a proper heat in plants. Hunter examined the heat of the inter- 
nal parts of the trunks of trees by boring holes of different depths in 
them, and inserting thermometers ; and similar experiments were made 
by Schubler at lubingen. The results of these experiments were, 


°^ 3erv f ti , ons on Irritability, seo Dutrochet, Recherches Anat. et Physiol, surla 
des An l mnu ^ Ve/yetuux, 1844. Morren on the movements of the leaves of 
* mov ® Tnellt ot the style of Uoldlussia amsophylla, and ot the column of Stylldium, 
mon+i Acaf f f i°y* d , e Bruxelles, tom iv v. vl. and xli. Thuict und Decaisneon the move- 
ments of spores, In Annales des Sciences Naturcllcs, id Ser. ux 3d S.r. x»'v. 
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1st. That the temperature of trees is higher than that of the air in 
winter, and lower in summer ; 2d. That the temperature corresponds 
to the depth in the soil to which the roots penetrate ; and, Sd. That 
it depends on the temperature of the fluid matters taken up by the 
roots, as well as the bad conducting power of the wood of the trees. 
Dr. Hooker found that the temperature of the juices of plants in 
India depended materially on that of the soil at their spongioles. 
Dutrochet made experiments to determine the temperature of the 
growing parts of plants. He fotmd, by means of a thermo-electric 
apparatus, that this varied from two or three-tenths of a degree, to 
one degree above that of the air. This generation of heat only takes 
place when the plant is active and vigorous, and seems to be connected 
with processes going on in the interior of the cells. When the cells 
cease to be actively engaged in the processes of vegetable life, they 
cease to manifest this vital heat. It reaches a daily maximum, the 
period of which varies in different plants, according to their vigour. 
Rameaux has confirmed Dutrochet’s observations. He observed that 
during the day, the temperature of the various layers diminished from 
the surface to the centre, while during the night the reverse took place, 
and that both of these processes were materially influenced by the 
nature of the surrounding temperature and the diameter of the tree. 
There appear, therefore, to be two sources of heat in plants, one de- 
pending on organic actions carried on in the growing parts, and the 
other on meteorological influences, which either act directly through 
the air, or indirectly through the fluid matters brought up from a 
certain depth in the earth.* 

3. — Luminosity of Plants. 

669. Luminous appearances have been observed in certain plants. 
These have been long noticed in the lower classes of plants, such as 
Fungi. Decaying wood, in which Fungi are developed, is sometimes 
luminous. Mr. James Drummond describes some species of Agaric, 
near the Swan River, growing on the trunks of Banksias and other 
trees, which emitted at night a phosphorescent light sufficient to 
enable him to read. A phosphorescent Agaric, with the upper sur- 
face of the piieus black, while the centre and gills were white, was 
noticed by him on the trunk of a dead Eucalyptus occidentalis. The 
Agaricus Gardneri, found in Brazil, gives out a light of a pale greenish 
hue, similar to that of fire-flies. It is found growing on a Palm, and 
is called Flor de Coco . Delile found luminosity in the Agaricus 
olearius, near Montpellier. In the coal mines of Dresden, certain 

* For farther remarks on the subject of Vegetable Heat, see Rameanx's papers in the Annales 
des Sciences Naturelles, January, 1843. Selmblei’s experiments in Poggendorff Annalen x, 592; 
translated in Thomson’s Chemistry ot Vegetables, p, 959. Dutrochet, Ann. des Sc. Nat (n. a.) 
tom. xii Gardner in Linn. Trans, for Doc, 1841, and in Philosoph. Mag, for July, 1842. 
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Rhizomorphous fungi have long been celebrated for the light which they 
emit. The spawn of the Truffle (Tuber cibarium) is said to present 
similar appearances. It has been said that the luminosity of these fungi, 
as well as of decaying wood, is increased by exposure to oxygen gas. 
Some consider it as connected with the absorption of oxygen, being 
in reality a slow spontaneous combustion ; while, according to others, 
it is referable to the liberation of phosphorus from some of its com- 
binations in the plant 

670. These luminous appearances are said not to be confined to 
fungi. The younger Linnams states, that the flowers of Nasturtium, 
Orange Lily, and African Marigold, at the end of a hot summer day, 
give out intermittent light. Mr. Dowden and Mr. James confirmed 
this by observations on the common Marigold and Papaver pilosum ; 
while other observers have noticed the phenomena in the Sun-flower, 
French Marigold, species of CEnothera, and Arum. It is to be re- 
marked, that the flowers said to be thus luminous, are all of a more or 
less orange colour, and that the phenomenon takes place in still warm 
summer evenings, towards twilight. Hence, Professor Allman is dis- 
posed to attribute them to optical illusions, depending on a peculiar 
intermittent effect on the retina. Some authors mention the occur- 
rence of luminous sap in plants with milky juices, as the Euphorbia 
phosphorea of Brazil. A rhizome of an endogenous plant from India, 
is said, when moistened, to acquire a phosphorescent appearance, and 
to lose this property when dry. 

4.— Colours of Plantb. 

671. Colour is not of much importance in Botany as regards classi- 

fication and arrangement. It is chiefly in the case of Fungi that it is 
employed as a means of diagnosis. Perhaps the want of an accurate 
nomenclature of colours in Botany may have in part led to this. Mir- 
bel and Henslow have proposed a nomenclature, which consists in 
referring all natural colours to certain absolute tints and shades, deter- 
mined according to fixed laws. Thus, the latter assumes three prim- 
aries, as red, blue, and yellow, which together give white light, and 
derives all. others from admixtures of these in definite proportions. 
On this principle he has constructed a chromatometer colour, 

and t £ ov , a measure), or measure of colour, the employment of which 
would lead to an accurate nomenclature. 

672. It has already been remarked, that the green colour of the 
leaves, young bark, calyx, and carpels, depends on the presence of 
chlorophylle (IT 19). This waxy substance is contained in the deep 
cells or mesophyllum of leaves, and depends on the action of light for 
its elaboration. When leaves are grown in darkness, they become 
colourless from the absence of chlorophylle. Light acts by the fixation 

Q 
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of carbon. The different rays of the spectrum appear to vary in their 
power of developing the green colour, Senebier performed experi- 
ments on the subject, by making the light pass through coloured media, 
and he was led to the conclusion, that while the yellow rays had the 
greatest effect on the growth of the plant, the blue and chemical rays 
were those chiefly concerned in the production of the green colour. 
Hunt seems to agree with Senebier. Other experimenters, however, 
as Morren, Daubeny, Draper, and Gardner, think the yellow rays .are 
the most active in producing the green colour. The following table 
shows the result of some of Gardner’s experiments. The rays are de- 
nominated active or inactive in relation to their power of producing 
a green colour, and the figures under each of them show their power 
in this respect, 1 being the highest value. The sign — indicates that 
the effect was not satisfactorily tested : — 


Ft Plant- HoUTfl of Total 

l lants. sunshine. time. 

Active Rays. 


Inactive. 


Red. 

Or. 

Yel. Gr. 

Bl. 

In. 

Vio. 

1. Turnips 22 ... 109 

... 4 

2 

1 3 

0 

0 

0 

2. Beans 14 ... 95 

... 

2 

1 3 

0 

— 



3. Turnips 8 ... G9 

... 4 

2 

1 3 

— 

— 

— 

4. Turnips 23 .. 101 

— 

— 

— 1 

0 

0 

0 

5. Turnips 17-5 ... 52 

— 

2 

1 3 

4 

0 

0 

6, Turnips 5*5 ... G 

... 4 

2 

1 3 

0 

0 

0 

673. The ray producing 

the green colour is found to be that which 

acts most efficiently in the decomposition of carbonic acid 

as shown 

by the following table : — 







Places of spectrum 

Production of 

Deeomp of 

Illuminating 

examined. 

chlorophylle. 

CG2. 


power 


Extreme Bed 

0 000 


.... 0-0000 . 


g-oooo 


Commencement of Ornnge.. 




.... *5500 . 



Centre of Orange 

*777 


— 


— 


Centre of Yellow 

1-000 


.... 1-0000 . 


1-0000 


Centre of Green 

*580 


— 


— 


Centre of Blue 

-100 


. 


— 



674. The green colour becomes lighter or deeper according to the 
quantity of chlorophylle and the aggregation of the cells. It is usually 
paler on the lower sides of leaves. The dark shades of green in the 
Yew, Bay, and Holly, are the effect of an immense crowding together 
of green cells. 

675. As light decreases in autumn, the chlorophylle, in many cases, 
diminishes, and is probably altered by the loss of a portion of carbon. 
Thus, Evergreen leaves become of a paler colour, and deciduous leaves 
assume various hues, commonly called autumnal tints. The leaves of 
the Poplar, Ash, and Beech, before falling, become yellow ; those of 
some species of Rhus, bright red ; those of Cornus sanguinea, dull red ; 
those of the Vine, yellow and purple. Berzelius states, that the leaves 
become red in plants having red fruits. Robinet and Guibourt main- 
tain that the Vines which produce bluish grapes, have red leaves 

M' 
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in autumn, while such as produce white grapes have yellow leaves. 
These yellow and red colours by some are said to depend on changes 
in the state of oxidation of the chlorophylle, and have been traced by 
others to the production of peculiar waxy substances, one red, called 
err/throphylle, the other yellow, xanthophyllc. Marquart believes that 
the action of water on chlorophylle, in different proportions, gives rise 
to yellow and blue matters. Ellis supposed the change of hues to be 
due to the prevalence of acid and alkaline matters. 

676. Dr. Hope endeavoured to show that there is in plants a 
colourable principle, chromogen {x&pa, colour, and yewua, I generate,) 
consisting of two separate principles, one of which forms a red com- 
pound with acids, while the other forms a yellow with alkalies, and he 
attributes the green colour produced by the latter to the mixture of 
the yellow matter with the blue infusion. The two principles, 
according to him, may exist together, or separate, in different parts of 
the same plant. In some very fleshy leaves, as Agave, the central 
cells are pale, while those of the cuticle are coloured and much 
thickened. Although leaves are usually of a green colour, still they 
frequently assume various tints. In certain varieties of Beech and 
Beet, they become of a uniform red or copper colour. In some cases, 
only one of the surfaces of the leaf is coloured, as in many species of 
Begonia, Saxifraga, Cyclamen, and Tradeseantia, in which they are 
green above and red or brown below ; while in others there is a 
variation of colour, giving rise to variegation, as in Aucuha japonica, 
Carduus marianus, and Calathea zebrina, where there are yellowish 
spots, or in many Arums, where they are of a red colour. The whitish 
or brown spots which occur on leaves, are often produced by thickened 
cells containing peculiar colouring matter, underlying the chlorophylle 
cells. In such cases, variegation might be traced to an alteration in 
the epidermal cells, and the same is true of certain bright colours 
assumed by the surfaces of some leaves. The juices of many plants 
are colourless when contained in the vessels, but become milky or 
coloured by exposure to the air. Thus, the sap of (Enanthe crocata 
becomes yellow, that of Chelidonium orange, that of Madder changes 
from yellow to red, and that of some Boletuses becomes blue or bluish- 
green. In some instances, the changes have been prevented by 
keeping the cut or broken surfaces in nitrogen or hydrogen, or 
carbonic acid, and thus preventing their exposure to oxygen. It is 
6aid, however, that the change of colour in the Madder does not take 
place in pure oxygen. 

677. The bark, at first green, becomes often of a brown colour from 
the thickening of the cell- walls, as well as the deposition of brown 
matter. Similar changes take place in the woody fibres, giving rise 
to the coloured duramen of many trees, as the Laburnum, Guaiac, 
Ebony, &c. Such changes, however, depend on chemical actions going 
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on in the interior of stems, and are not due to the direct influence of 
the air. The colour of wood, however, is generally deepened when 
exposed to the atmosphere. 

678. The red, blue, and yellow colours of flowers depend on fluid or 
semifluid matters contained in superficial cells, which can be detached 
with the cuticle. This coloured cellular tissue is called by Nourse the 
Bete , and lies immediately below the epidermis. In this respect these* 
colours differ from the green colour in the leaf which is confined to 
the central cells, and which, as already stated, owes its origin to a 
granular matter of a peculiar nature. In petals, different cells 
frequently contain different kinds of colouring matter, thus giving rise 
to variegation. By the juxtaposition and mechanical mixture of 
various cells, different tints are produced ; and the colours are also 
modified by the nature of the cuticle through which they are seen. 
In the interior of petals, the colour is generally more oi less yellow, 
but it is modified when seen through superficial cells. Along with the 
colouring matter, there is a colourless substance present, the relative 
quantity of which varies, and hence the colour may be deeper or 
fainter. In flowers as well as in leaves, the colours appear to depend 
on the action of light. It has been said, however, that the powerful 
action of solar light, in some cases, tends to decolorize flowers Hence, 
tulips are screened by floriculturists from the direct rays of the sun. 
The leaves of herbaceous plants also, when exposed to the direct rays 
of the sun, do not acquire so deep a green as when they are subjected 
merely to a bright daylight. 

679. The colours of flowers have been arranged in two series: — 
1st. The xanthic (%otv66s t yellow) or yellow; and 2d. The cyanic 
{xvoivoz, blue) or blue ; and it has been shown that plants in general 
may be referred to one or other of these series, while red is common 
to both series, and green, as composed of blue and yellow, is inter- 
mediate between them. White is considered as depending on absence 
or extreme dilution of the colouring principles, while brown or black 
depends on their accumulation or concentration. Even in white flowers 
there will be seen a slight admixture of a yellowish or bluish tint. 

Green. 


( Greenish-blue. 
I Blue. 

Cvanic J Violet -blue, 
series, j Violet. 

Violet-red. 

^Red. 


Yellowish- green. 

Yellow. 

Orange- Yellow. [ Xanthic 

Orange. 

Orange-Red. 

Red. j 


680. Some starting from greenness, as a state of equilibrium between 
the two series, pass through the blue and violet to red, by a process of 
oxidation, while the transition from red to orange and yellow has been 
traced to deoxidation. As illustrations of the cyanic series may be 
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mentioned, all, or nearly all, the species of Campanula, Phlox, Epilo- 
bium, Hyacinth, Geranium, Anagallis j of the xanthic series, Cactus, 
Aloe, Cytisus, Oxalis, Rose, Yerbascum, Potentilla, CEnothera, Ranun- 
culus, Adonis, Tulip, Dahlia. 

681. Plants belonging to either series, vary in colour usually by 
rising or falling in the series to which they belong, and not by passing 
from one to the other. Thus, a plant belonging to the blue series 
does not usually become yellow, nor does one in the yellow series 
change into a pure blue. This remark will not apply in all cases, 
although it is generally true. It cannot be said to hold good in re- 
gard to genera, as at present determined ; thus, in the genus Gentian, 
there are blue and yellow species. It seems, however, to be applicable 
to individual species ; thus, the Dahlia belonging to the yellow series 
may pass through all the varieties of that series, but has never 
been produced of a blue colour; so also with the Tulip, the Rose, &c. 
Even in the case of species, however, there are anomalies. Thus, the 
rule does not apply to such plants as Myosotis versicolor and Dendro- 
bium sanguinolentum, where there are different yellow and blue colours 
on the corolla. Notwithstanding, however, all the exceptions, the 
general law already mentioned as to the variation of colour in flowers, 
seems to be founded on correct observations. 

682. Changes are produced in the colour of flowers, by bruising and 
injuring the petals. The pure white flowers of Camellia easily become 
brown, while those of Calanthe veratrifolia and Bletia Tankervilke 
assume a deep blue. By drying, many flowers become of a brown or 
black colour; this is particularly the case with Orchidacese, Melam- 
pyrum, and Orobus niger. It would appear to depend on the com- 
bination between the colouring principle and the oxygen of the air, 
and may in some cases be traced to the existence of tannin, gallic acid, 
and iron. Blue flowers, under the process of desiccation, are often 
whitened. Ipomoca Learii, in drying, changes from blue to red. 

683. Remarkable clffmges take place in the colour of some flowers 
during the course of the day. The flowers of the common pink Phlox, 
early in the morning, have a lightish blue colour, which alters as the 
sun advances, and becomes bright pink. The CEnothera tetraflora has 
white flowers which change to red. Hibiscus variabilis has its flowers 
white in the morning, pink at noon, and bright red at sunset. The 
colour of many flowers of Boraginaceae, before expansion, are red ; after 
expansion, blue. The bracts of Hakea Victoria are yellowish- white in 
the centre the first year ; the second year, what as white becomes a 
rich golden yellow ; the third year, the yellow becomes rich orange ; 
the fourth year, the colour becomes blood-red ; the green portion of 
the bracts becomes annually darker. It has been stated that soils 
have an effect on the colour of flowers. The flower of the common 
Hydrangea bortensis may be changed from pink and rose-coloured to 
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blue, by growing the plant in certain kinds of loam and peat earth. 
Alum in t]ie soil is said to produce a similar effect. 

684. Kohler and Schubler have endeavoured to determine the 
relative proportions between the different colours met with in flowers. 
They examined upwards of 4000 species, belonging to twenty-seven 
natural orders, of which twenty were dicotyledonous, and seven mono- 
cotyledonous. The following are some of their conclusions : — 


I. 

White 

1193 

6. Green 

lo3 

2. 

Yellow 

951 

7. Orange 

50 

3. 

Red 

923 

8. Brown 

18 

4. 

5. 

Til no .. . 

594 

9. Nearly Blank 

8 

Violet 

307 




685. The proportion of white, cyanic, and xanthic flowers varies in 
different quarters of the globe, and at different elevations. The fol- 
lowing are the proportions of colour in different natural orders, de- 
duced from the examination of about 120 species of each : — 

Red. Violet Blue. Green Tel Orange. White, 


Kymphjracesc It — 14 — 28 — 46 

Rosace, e 32 1 — — 52 — 40 

Primulacea} 41 7 6 2 15 10 27 

Boraginaoeae 10 9 28 3 13 1 35 

Convolvulaceue 39 10 12 — 7 2 27 

Ranunculaceie 16 4 15 2 42 1 19 

Papaveracecc 38 9 — — 36 7 7 

Campanulacese..,., 5 21 58 — 3 1 10 


Thus, Nymph macese and Rosaceae, according to Schubler and Kohler’s 
observations, contain a large number of white flowering species; Primu- 
laceae and Convolvulaceae, red ; Campanulaceae, blue ; Ramin culacete, 
yellow. 

686. In arranging flov'ers in a garden, it is of importance to place 
the complementary colours together, m order to produce the best effect. 
The complementary colour of red, or that which is required to make 
white light, is green ; of orange, blue ; of yellow, violet ; consequently 
blue and orange coloured flowers, yellow and violet, may be placed 
together; while red and rose-coloured flowers harmonize well with 
their own green leaves. When the colours do not harmonize, the 
interposition of white or of black often restores harmony. 


5. — Odours of Flowers. 

* 

687. The peculiar odours of plants depend on various secreted 
volatile matters, which are often so subtle as to be incapable of detec- 
tion by ordinary chemical means. Nothing is known of the causes 
whiph render one flower odoriferous and another scentless. In some 
cases the odours of plants remain after being dried, but in general they 
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disappear Some leaves, as of the Woodruff, beoome scented only 
after drying ; and certain woods, as Teneriffe rosewood, give out their 
odour only when heated by friction. Meteorological causes have a 
great influence on the odours of living plants. Dew, or gentle rain 
with intervals of sunshine, seem to be the circumstances best fitted 
for eliciting vegetable perfumes. Light has a powerful effect on the 
odour as well as the colour of flowers. Plants, when etiolated by being 
kept in darkness, generally lose their odour. In certain case9, the per- 
lumes of flowers are developed in the evening. Some of these plants 
were called tristes by Linnaeus, as Hesperis tristis, or night-scented 
stock. Many orchidaceous plants are fragrant at night only, as some 
Catasetums and Cymbidiums. Oestrum nocturnum and the white 
flowers of Lychnis vespertina are also night-scented. The odours of 
some plants are peculiarly offensive. This is the case with Phallus 
impudicus, and with the flowers of many Stapeiias. 

688. Schubler and Kohler, whose investigations in regard to colour 
have been noticed, have also made observations on the odours of 
plants in the same monocotyledonous and dicotyledonous orders. The 
following tables show some of their results 


Colour, 

species 

Odoriferous, 

Agreeable. 

Disagreeable. 

White 

1193 .. 

187 .... 

175 ... 

12 

Yellow 

951 .. 

75 .... 

61 ... 

14 

Red 

923 .. 

85 .... 


9 

Blue 

594 .. 

31 , 

23 . 

7 

Violet 

307 .. 

23 .. 

17 

6 

Green 

153 .. 

12 .... 

10 ... 

2 

Orange 

50 

3 

1 .. 

2 

Brown.. 

18 .. 

1 

0 ... 

1 


Thus, of the plants examined, those having white flowers presented 
the larger proportion of odoriferous species. The orange and brown 
coloured flowers often gave a disagreeable odour. In examining 
numerous species from various natural orders, they found that out of 
100 species of — 


Nymphseacece 

Rosacese 

i 

Primulacese 

10 


BoragiDacese 

6 


Convolvulaceae 

4 


Raminculaceae 

4 


Papaverace© 



Campanulace© 



-- 


6.— Diseases of Plants. 

689. Great obscurity attends this department of botany, and much 
remains to be done ere a system of vegetable nosology (*©Vof, disease) 



844 


DI8EASES OF PLANTS. 


can be completed It is, however, of great importance, whether we 
regarcnts bearing on the productions of the garden or the field. Some 
have divided the diseases of plants into general , or those affecting the 
whole plaDt, and local , or those affecting a part only. A better 
arrangement seems to be founded on their apparent causes, and in 
this way they have been divided by Lankester into four groups. 1. 
Diseases produced by changes in the external conditions of life ; as 
by redundancy or deficiency of the ingredients of the soil, of light, 
heat, air, and moisture. 2. Diseases produced by poisonous agents, 
as by injurious gases, or miasmata in the atmosphere, or poisonous 
matter in the soil. 3. Diseases arising from the growth of parasitic 
plants, as Fungi, Dodder, &c. 4. Diseases arising from mechanical 

injuries, as wounds and attacks of insects. 

690 Plants are often rendered liable to the attacks of disease by 
the state of their growth. Thus, cultivated plants, especially such as 
become succulent by the increase of cellular tissue, appear to be more 
predisposed to certain diseases than others. Concerning the first two 
causes of disease very little is known. Absence of light causes blanch- 
ing, which may be looked upon as a diseased state of the tissues. Ex- 
cess of light may cause disease in plants whose natural habitat is shady 
places. Excess of heat is sometimes the occasion of a barren or 
diseased state of some of the organs of the flowers, and frost acts 
prejudicially on the leaves, stem, and flowers. By excess of moisture, 
a dropsical state of the tissue is induced. 

691. Concerning the influence of atmospheric changes on plants, 
very little has been determined. Many extensive epidemics seem to 
depend on this cause. Thus, the late potato disease must be traced, 
apparently, to some unknown miasma conveyed by the air, and 
operating over large tracts of country ; the disease probably affecting 
some plants more than others, according to their state of predisposition, 
and in its progress leading to disorganization of the textures, alteration 
in the contents of the cells and vessels, and the production of Fungi, 
&c. In the early stage of the disease, as witnessed in 1845, Harting 
observed that a brown granular matter was deposited in the.interior 
of the cells, beginning with those near the surface. For some time 
the cell-walls and starch-grains remained uninjured, but were ulti- 
mately attacked, the former losing their transparency, and the latter 
becoming agglomerated in masses. Subsequently to this, parasitic 
organisms of various kinds made their appearance, cavities were formed, 
and rapid decay took place. Among the vegetable parasites, were de- 
tected species of Fusisporium, Oidium, Botrytis, Capillaria, Polyactis. 
Berkeley supports the Fungus theory of Potato disease, while Solly thinks 
that the development of parasites is a secondary step in the morbid 
process. The prevalence of hot or cold weather, the amount of light 
and moisture, changes in the atmosphere, and electrical conditions of 
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the air and earth, are in all probability connected with epidemic 
diseases. Some, with Liebig, attribute the late potato disease to sup- 
pressed evaporation and transpiration, depending on the hygrometric 
state of the atmosphere. The vessels and cells are said to become 
charged with fluids, stagnation of the circulation takes place, and thus 
disease and death are induced.* The general conclusions to be drawn 
from the various researches that have been instituted and opinions 
which have been advanced respecting the cause and progress of this 
epidemic may be thus stated. Coincident with, if not consequent on 
certain meteorological and epidemic influences, alterations are accom- 
plished in the cellulose and contents of the cells. Decay follows on 
those changes. In the decayed and decaying matter, parasitic Fungi 
find a nidus for growth and progress equally with the disease of which 
they are primarily a consequence, and to the extension of which they 
in their turn contribute. 

692. Gangrene in plants is caused by alterations in the contents of 
the cells, leading to death of a part. In succulent plants, as Cactuses, 
this disease is apt to occur. It is capable of extension by cont#t of 
the diseased cells. Sometimes excision of the diseased part checks the 
progress of the gangrene. Can Jeer , which attacks Apple and Pear trees, 
is a kind of gangrene. Some of the most important diseases of corn and 
other agricultural crops, are owing to the production of Fungi. These 
have been divided into 1. Those attacking the grain, as Uredo foetida, 
or pepper-brand. 2. Those attacking the flower, as Uredo segetum, 
or smut. 3. Those attacking the leaves and chaff, as Uredo Rubigo, 
or rust. 4. Those attacking the straw, as Puccinia graminis, or corn 
mildew. 

693. Smut-balls, pepper-brand , or blight , is a powdery matter, occu- 
pying the interior of the grain of wheat, &c. When examined under 
the microscope, it consists of minute balls, four millions of which may 
exist in a single grain, and each of these contains numerous excessively 
minute sporules. It is caused by the attack of Uredo Caries, or foetida. 
In this disease the seed retains its form and appearance, and the 
parasitic fungus has a peculiarly fetid odour, hence called stinking 
rust. 

694. Smut or dust-brand is a sooty powder, having no odour, found 
in Oats and Barley, and produced by Uredo segetum. The disease 
shows itself conspicuously before the ripening of the crop. Bauer says 
that in tscou® part of a square inch he counted 49 spores of the 
uredo. 

695. Rust is an orange powder, exuding from the inner chaff scales, 
and forming yellow or brown spots and blotches in various parts of 
corn plants. It owes its presence to the attack of Uredo Rubigo. It 

* See remarks on this subject by Klotzsch, translated by Gregory, in the Appendix to Liebig’s 
work on the Motion of the Juices. London, 1843. 
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is sometimes called red gum , red robin , ra? m2, and red rag . Some 
consider Mildew (Uredo linearis) as another state of the same disease. 

696. Those Fungi which are developed in the interior of plants, 
and appear afterwards on the surface, are called entophytic (ivros, 
within, and Qvtqv, a plant). Their minute sporules are either directly 
applied to the plants entering by their stomata, or they are taken up 
from the soil. Many other Fungi grow parasitically on plants, and 
either give rise to disease, or modify it in a peculiar way. Among 
them may be mentioned species of Botrytis, Fusisporium, Depazia, 
Sclerotium, Fusarium, and Erysiphe. Fusisporium solani b con- 
sidered by Martius as the cause of a certain disease in the Potato. In 
the recent potato disease, the Botrytis infestans, a species of Fusarium, 
and other Fungi, committed great ravages, spreading their mycelium 
or spawn through the cells of the leaves and the tuber, and thus ac- 
celerating their destruction. Berkeley, Morren, and Townley, con- 
sider the Botrytis as the cause of the disease. Various species of 
Botrytis also attack the Tomato, Beet, Turnip, and Carrot. A species 
of ®epazia sometimes causes disease in the knots of Wheat. A dis- 
eased state of Rye and other grasses, called ergot , owes its production 
to the presence of a species of Cordyceps. By the action of the fun- 
gus, the ovary becomes diseased and altered in its appearance, so as to 
be dark-coloured, and project from the chaff in the form of a spur. 
Hence the name spurred rye. The nutritious part of the grain is de- 
stroyed, and it acquires certain qualities of an injurious nature. Spon- 
taneous gangrene is the consequence of living for some time on diseased 
rye. Ergot has been seen in Lolium perenne and arvense, Festuca 
pratensis, Phleum pratense, Dactylis glomerata. Anthoxanthum odo- 
ratum, Phalaris arundinacea, &c. 

697. Fruits when over-ripe are liable to attacks of Fungi, which 
cause rapid decay; Wood also, especially Alburnum or sap-wood, is 
injured by the production of Fungi. Dry rot is the result of the 
attack of Merulius lacrymans, which in the progress of growth de- 
stroys its texture, and makes it crumble to pieces. Some kinds of 
wood are much more liable to decay than others. 

698. The diseases caused by attacks of Fungi may be propagated 
by direct contact, or by the d illusion of the minute spores through the 
atmosphere. When we reflect on the smallness of the spores, the 
millions produced by a single plant, and the facility with which they 
are wafted by the wind in the # form of the most impalpable powder, 
we can easily understand that they may be universally diffused and 
ready to be developed in any place where a nidus is afforded. Per- 
haps some of the diseases affecting man and animals may be traced 
to such a source. Quekett found that he could propagate the 
ergot by mixing the sporules with water, and applying this to the 
roots. 
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699. In order to prevent these diseases, it has been proposed to steep 
the grains in various solutions previously to being sown. For this 
purpose, alkaline matters and sulphate of copper have been used. In 
all cases, the seed should be thoroughly cleansed. Smut and pepper- 
brand have been averted by these means. In the case of the latter, 
diseased grains are easily removed by being allowed to float in water, 
and the grains that remain are washed with a solution of lime, com- 
mon potash, or substances containing ammonia, which form a soapy 
matter with the oil in the fungus. A weak solution^ of sulphate of 
copper acts by destroying the fungus. To preserve wood from dry rot, 
the processes of kyanizing and burnetizing have been adopted : the 
former consists in making a solution of corrosive sublimate enter into 
the cells and vessels; the latter, in impregnating the wood with a 
solution of chloride of zinc. Creosote has also been used to preserve 
wood. Boucherie proposed that a solution of pyrolignite of iron 
should be introduced into trees before being felled, by making perfora- 
tions at the base of the trunk, and allowing the absorbing power of the 
cells and vessels to operate. This plan does not appear to havA)een 
successful, although reported favourably to the French Academy, and 
also recommended by Mr. Hyett. 

700. Other diseases in plants owe their origin to insects. Earcockles, 
purples , or pepper-corn, is a disease affecting especially the grains of 
wheat. The infected grains become first of a dark green, and ulti- 
mately of a black colour. They become rounded like a small pepper- 
corn, but with one or more deep furrows on their surface. The glumes 
spread open, and the awns become twisted. The blighted grains are 
full of a fine white cottony matter, which, when moistened and put 
under the microscope, is seen to consist of a multitude of mintite in- 
dividuals of the Vibrio triciti, or eel of the wheat. The animalcules 
deposit their eggs in the ovary, and their young are hatched in eight 
or ten days. Henslow calculates that 50,000 of the young might be 
packed in a moderately sized grain of wheat. The Vibrio retains its 
vitality long. It will remain in a dry state for six or seven years, and 
when moistened with water will revive. The wheat-fly, or Cecidomyia 
tritici, is another destructive insect. It deposits its eggs by means of 
a very long retractile ovipositor, and is seen abundantly in warm even- 
ings. The Cecidomyia destructor, or Hessian fly, also causes injury, 
and is said to be very destructive to wheat in America. These insects 
are destroyed in numbers by the Ichneumons, which deposit their ova 
in their bodies. The Apple-tree mussel, or dry-scale, Aspidotus con- 
chiformis, attacks the bark of Apples, Pears, Plums, Apricots, and 
Peaches. Many of the Coccus tribe are highly injurious to plants. 
One of this tribe, in 1843, destroyed the whole orange trees in the 
island of Fayal, one of the Azores. Many insects cause the rolling up 
of leaves. Tortricida viridana acts thus on the leaves of the Oak, and 
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various species of Losotaenia do so with other trees. Adelges abietis 
is the aphis which causes the leaves of the Spruce-fir to be united 
together, so as to have the appearance of a cone. 

701. Many insects, called miners, make their way into the interior 
of leaves, and hollow out tortuous galleries, sometimes causing an 
alteration in the colour of the leaves. Galls are caused by the attacks 
of species of Cynips, which are provided with ovipositors, by means of 
which they pierce the bark or leaves with the view of having a nidus 
for their ova. These galls are very common on the Oak, and are 
called oak-apples. Sometimes they have one cavity, at other times 
they are divided into numerous chambers, each containing a grub, 
pupa, or perfect fly, according to the season. Galls are produced on 
the twigs, catkins, and leaves of the Oak. The artichoke gall of the 
Oak depends on an irregular development of a bud, caused by the 
attack of insects, and consists of a number of leaiy imbricated scales 
resembling a young cone. On examining the galls of commerce, the 
produce of the Quercus infectoria, some are of a blue colour, containing 
the%rva of the insect; others are pale, and are marked with a per- 
foration by which the insect has escaped. Extensive ravages are 
committed in Elms and other trees by the attacks of Scolyti. The 
presence of much moisture, such as the rapid flow of sap, destroys 
them. Mr. Robert found that the flow might be promoted by taking 
off the suberous layer of the bark, and he proposes this as a method 
of getting rid of the insects. Some galls are formed in the substance 
of leaves, and burst through the cuticle in the form of ovate bodies, 
with crenate borders and opercula, which arc perforated in the centre. 
These galls resemble parasitic fungi. Oak-spangles are galls of this 
nature. They are attached by a central point to the outer surface of 
the leaf, the inner side being smooth — the outer red, hairy, and fringed. 
Each contains a single insect, which retains its habitation till March, 
long after the leaves have fallen to the ground. 

702. It is impossible 'in this place to enumerate all the insects which 
attack plants. Almost every species lias certain insects peculiar to it, 
which feed on its leaves, juices, &c., and often cause great injury. 
Those which are common to hot-houses and green-houses, have called* 
for the special attention of horticulturists, and various means have 
been suggested for their removal or prevention. Among them may 
be enumerated, vapour of tobacco and ammoniacal liquor of gas-works, 
to kill aphides ; vapour of sulphur, for the red spider ; vapour of tur- 
pentine, for the wasp ; vapour of crushed laurel leaves, for the white 
bug ; coal tar, for the wire-worm, &c.* 

* For further remarks on the Diseases of Plants, see Eenslow’s paper in the Journal of tht 
Boyal Agricultural Society of England 
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CHAPTER L 

SYSTEMS OF CLASSIFICATION. 

703. This department of Botany may be considered as a combina- 
tion of all the observations made on the structure and physiology of 
plants, with the view of forming a scientific arrangement. It can only, 
therefore, be prosecuted successfully after the student has acquired a 
complete knowledge of Organography. In every branch of science, 
arrangement is necessary in order that the facts may be rendered avail- 
able, and this is more especially the case when a knowledge of species 
is to be acquired. When it is considered that there are upwards of ) 
120,000 known species of plants, it is obvious that there must be a f 
definite nomenclature and classification, were it only to facilitate refer- 
ence and communication. Taxonomy has sometimes been pursued 
with no higher aim than that of knowing the nfmes of plants. When 
prosecuted in such a spirit, it does not lead to an enlarged and philoso- 
phical view of the vegetable kingdom. In all truly scientific systems, 

^regard is paid, not merely to the determination of the names of the 
species, but to their relations and affinities, so as to give some concep- 
tion of the order which has been followed in the plan of creation. 

704, In Classifactory Sciences, the arrangements are founded upon 
an idea of likeness — an idea, however^ which is applied in a more exact 
and rigorous manner than in its common and popular employment. 
The resemblances of the objects must rest, not on vague generalities, 
but upon an accurate scientific basis. In order that an arrangement 
may be constructed on philosophical principles, and that it may be 
rendered useful for the purpose of science, the following steps are re- j 
quired:— 1. A Technical (re^xof, artificial or conventional) language, 1 
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rigorously defined, or what is termed Glossology (y^Zocot, a tongue oi 
language, and *oyof, a discourse), and Termonology (t fyftuv, -o»og t a 
termination). The meaning of the terms in this descriptive language 
must not depend on fancied resemblances, but must have a precise de- 
finition, and be constant. In acquiring a knowledge of the conven- 
tional terms, or of the vocabulary of the science, the student at the 
same time fixes in his mind the perceptions and notions which these 
terms convey, and thus, in reality, becomes acquainted with important 
elementary facts. 2. A Plan of the system, or the principles on which 
the divisions and subdivisions of the system are made, Diataxis ( Ituru^ig, 
orderly arrangement), or what is properly called Taxonomy 
order, and vop og, law). There have been two great plans proposed in 
Botany, one denominated artificial , the other natural. The first is 
founded on characters taken from certain, parts of plants only, without 
reference to others ; while the second takes into account all the parts 
of plants, and involves the idea of affinity in essential organs. 3. There 
must be also the means of detecting the position of a plant in a system 
by short diagnostic marks. In doing so, a few essential characters are 
selected in accordance with natural affinities. The division into genera 
is a most valuable help in determining plants. Linnseus did great ser- 
vice to science by his generic divisions, and by adopting a binominal 
(bis, twice, and nomen , a name) system of nomenclature, in which the 
genus and species are included in the name of the plant. 

705. Specie*. — No classification can be made unless the meaning of 
the term species is defined. By species, then, are meant so many 
individuals as are presumed to have been formed at the creation of 
the world, and to have been perpetuated ever since. A species em- 
braces individuals which resemble each other more closely than they 
do any other plant, so that they are considered as originating from a 
common parent ; and their seeds produce similar individuals. There 
may be differences in size, colour, and other unimportant respects ; 
and thus varieties may exist, exhibiting minor differences, which are 
not, however, incompatible with a common origin. Varieties owe 
their origin to soil, exposure, and other causes, and have a constant 
tendency to return to their original type. They are rarely propagated « 
by seed, but can be perpetuated by cuttings and grafts. By cultiva- 
tion, permanent varieties or races have been produced, the seeds of 
which give rise to individuals varying much from the original specific 
type. Such races are kept up entirely by the art of the gardener, and 
may be illustrated in the case of the Cereal grains, and of culinary 
vegetables, such as Cabbages, Cauliflower, Brocoli, Turnips, Radishes, 
Peas. It is only after a series of years that these permanent varieties 
have been established, and there is still a tendency in their seeds, when 
sown in poor soil and neglected, to produce the original wild form. 
Permgi&nt varieties in the animal kingdom may be illustrated by the 
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different races of mankind. By scattering the pollen of one plant on ! 
the pistil of an allied species, seeds are formed, which, when sown, pro- * 
duce intermediate forms or hybrids (% 516). Hybrids, however, are j 
rarely perpetuated by seed. 

706. Many species vary in a remarkable manner, without any ex- 
ternal influences to account for it. Thus, a plant of Fuchsia has pro- 
duced, in successive years, flowers differing so much in form and 
shape, that, if they had not been known to be produced by the same 
plant, they would have been considered as belonging to distinct species. 
Such is also the case with Calceolarias, some species of Amaryllis, and 
many Orchids. Hence there is sometimes considerable difficulty in 
determining what are true species, and what are only varieties, more 
especially when these varieties are permanent and reproduce themselves. 
To this must in part be attributed the disputes which have arisen 
among botanists as to the species of many British genera, such as 
Roses, Rubi, Salices, and Ilieracia. The following table shows the 
number of British species in some of the British genera, as given by 
different authors, and exhibits the uncertainty which still exists as to 
the limits of species 



Salu 

1 

1 

3 

3 

Mentha. 

Rosa. 

Rubus. 

Saxifraga. 

Hudson (1798) 

16 

8 

... 10 ... 

r> ... 

5 ... 

9 

Smith (182-1-28) 

... . 04 

... 18 

... 13 ... 

22 ... 

14 ... 

25 

Bindley (1835) 

29 

... 19 

9 ... 

17 ... 

21 ... 

24 

Hooker (1842) 

70 

... 13 

... 13 ... 

19 ... 

14 ... 

16 

Babington (1843).... 

r *7 

... 19 

... 8 ... 

19 ... 

24 ... 

20 

Watson (1844) 

... . 3H 

... 17 

... 8 ... 

7 ... 

34 ... 

10 

Arnott (1855) 

.... 3n 

... 27 

... 9 ... 

19 ... 

25 ... 

16 

Babingtoy (1856).... 

32 

... 33 

... 9 ... 

19 ... 

41 ... 

20 

Benthain (1858) 

15 

... 7 

... 8 ... 

5 ... 

5 ... 

13 


707. It is only after a careful study of such forms during a series 
of years, that any conclusion can be drawn in regard to them. It is 
important to record all the varieties which oc6ur, but great care is 
necessary not to raise to the rank of species what are mere accidental 
abberrant forms. Some have of late years advocated the doctrine of 
the transmutation of species or the conversion of one species into an- 
other. It has been said, that Oats may be changed into Rye, by being 
constantly cut down for a series ot years before ilowering. Sucn state- 
ments are not founded on correct data, and have led to very erroneous 
views and doctrines, which have been recently promulgated with much 
apparent plausibility. All that has been observed in the vegetable 
kingdom leads to the conclusion, that there are distinct species which 
continue to be perpetuated by seed, and that, although these may vary 
within certain limits, there is always a typical form to which the 
varieties have a tendency to revert. By grafting and other horticultural 
operations, changes of a marked kind may be produced in fruits ; but 
the seeds of such fruit, when sown, give rise to individuals resembling 
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the original stock — they perpetuate the typical form, not the artificially- 
produced variety. 

708. Genera. — Certain species are more nearly allied than others, and 
are conveniently grouped together so as to form a distinct hind or genus. 
A genus, then, is an assemblage of nearly related species, agreeing with 
one another in general structure and appearance more closely than 
they accord with any other species. Thus, the various species of Roses 
compose one genus, which is distinguished by marked characters. 
Occasionally a subgenus is formed by grouping certain species, which 
agree more nearly with each other in some important particulars than 
the other species of the genus. The characters of the genera are taken 
exclusively from the parts of fructification, while all parts of the plant 
furnish specific characters. In the name of a plant, the genus is given 
as well as that of the species. The latter was called by Linnaeus the 
trivial name. Thus, a particular species of Rose is called Rosa spino- 
sissima ; the first being the genus, and the second the specific or trivial 
name. As regards the definition of genera and species, and nomen- 
clature in general, no one has conferred so much benefit on science as 
the great Linnseus. This may be considered as among his highest 
titles to fame. 

709. Order*. — Several genera agreeing in more general characters, 
although differing in their special conformation, are grouped together 
so as to form an order or family. As genera include allied species, so 
orders embrace allied genera. Subdivisions arc also made to facilitate 
reference, so that suborders and tribes are formed, consisting of certain 
genera, more nearly related in particular characters than others. 
Thus, the order Rosacese, or the Rose family, includes the genera 
Rosa, Rubus, Potentilla, Fragaria, Prunus, &c., which all agree in 
certain general characters , and the order is divided into various sub- 
orders, such as the true Roses, the Amygdaleae, comprehendiug the 
Plum, Almond, Peach, &c. ; the Potentilleae, embracing the Cinquefoil, 
Strawberry, Raspberry, &c. (^[ 854). 

710. Classes. — Orders having some general characters in common, 
are united together in classes , and subclasses are formed in the same 
way as suborders. This is the general plan upon which botanical 
classification proceeds. With the exception of the individual species, 
all the divisions are more or less arbitrary. In making them, however, 
the object of the enlightened botanist is to follow what he considers to 
be the natural affinities, and thus to trace, as far as possible, the order 
which pervades the vegetable creation. 

711. Character*. — Each of the divisions of a system is 
accurately defined, the characters being as short as is consistent with 
precise diagnosis. Such characters are called essential, and they em- 
brace only those points by which the group is distinguished from the 
others in the same section. The complete description of an individual 
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species, from the root to the flower and fruit, is called the natural 
character, and embraces many particulars which are not requisite for 
the purpose of diagnosis. The essential characters of genera, when in 
Latin, are put in the nominative case, while those of species are in the 
ablative. 

712. Nomenclature. — The names of genera are variously derived, 
from the structure or qualities of the group, from the name of some 
eminent botanist, &c. ; while specific names have reference also to the 
country where the plant is found, the locality in which it grows, the 
form of the leaves, root, stem, or the colour of the flowers, &c. When 
a species is named in honour of its discoverer or describer, his name 
is put in the genitive, as Carex Vahlii , or the Carex detected by Vahl; 
but if it is merely in compliment to a botanist his name is added in 
an adjective form, as Jungei'mannia Doniana , or a Jungermannia named 
in honour of Don, as a botanist. Sometimes two nouns are united in 
a specific name, as Dictamnus Fraxinella . In such cases, the specific 
name is often an old generic one, has a capital letter prefixed, and 
does not necessarily agree in gender with the name of the genus. The 
name of the orders in what is called the natural system, are derived 
from one of the typical genera included under them. 

713. Abbreviation!* and Symbols. — It is of great importance that 
correct descriptions should be given of species, for without them it is 
impossible to form the groups accurately. The difficulties of the 
taxonomist are often greatly increased by imperfect and careless 
descriptions. Valuable directions are given in Lindley’s Introduction 
to Botany, as to the proper method of describing plants. There are 
certain abbreviations in constant use among botanists, which it may 
be of importance to notice here. The authorities for genera and 
species are given by adding the abbreviated name of the botanist who 
described them. Thus Veronica L ., is the genus Veronica as defined ) 
by Linnaeus ; Veronica arvensis L., is a certain species of Veronica, de- \ 
fined by the same author; Oxytropis DC is the genus as defined by 
De Candolle. It is usual in descriptive works to give a list of the 
authors, and the symbols for their names. The abbreviation v. s. sp., 
means vidi siccam spontaneam , or that the author has seen a dried wild 
specimen of the plant; v. s. c., means vidi siccam cultain f or that he 
has seen a dried cultivated specimen ; v. v. s., means vidi vivam spon~ 
taneam , or that he has seen a living wild specimen ; while v. v. c., 
means vidi vivam cultam , or that the author has seen a living cultivated 
specimen. The asterisk prefixed to a name (*L.), indicates that there 
is a good description at the reference given to the work ; while the 
dagger (fL.), implies some doubt or uncertainty. The point of admira- 
tion (!DC.), marks that an authentic specimen has been seen, from 
the author named ; and the point of interrogation (?) indicates doubts 
as to the correctness of genus, species, &c., according as it is placed 
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after the name of the one or other. ©,0,®, or A, annual ; $ , © ©, 
®, or B, biennial; If, A , or P, perennial; h, 5> or Sh, shrub; 
(, twining to the right; ), twining to the left; g, hermaphrodite; 
% , male ; $ , female ; $ — <j> , monoecious, or the male and female on 
one plant ; $ : $ , dioecious, or the male and female on different plants ; 
00 or oo, means indefinite in number. After the description of a 
plant, its habitat , or the country and locality in which it grows, is 
given. If the plant has been described by others, reference is given 
to the work in which the description may be found. If it has re- 
ceived different names, the synonymes must be carefully detailed, and 
ought to be arranged in chronological order. 

714. System*. — Various attempts have been made at different times 
to classify plants. One of the earliest methodical arrangements was 
that of Cscsalpinus, in 1583. It was entirely artificial, and the same 
thing may be affirmed of those of Gesner, Morison, Rivinus, and Tour- 
nefort. The system propounded by Tournefort was for a long time 
adopted by the French school, but was ultimately displaced by that 
of Linnceus, who must be looked upon as the great promulgator of the 
artificial method. In 1G82, Ray published a system which laid the 
foundation of the natural method of classification. It was long 
neglected, and did not receive the attention it deserved, until Jussieu 
entered the field, and developed his views. Since that time, the 
natural method has been advanced by the labours of De Candolle, 
Brown, Endlicher, Lmdiey, and many others. 

715. JLinntean System. — Although the Linnaean system is not in 
conformity with natural affinities, and does not tend to comprehen- 
sive views of structure, still it is useful to the student as an index. 
Linnaeus himself did not consider it as occupying a higher position, 
and he stated distinctly that a natural method was the great object of 
scientific inquiry. When not elevated to a rank which its author 
never meant it to occupy, this system may, with all its imperfections, 
be employed as a useful artificial key, and as such may be combined 
with the natural system. In many works of the present day, as in 
Babington’s Manual of British Botany, the Linnsean system is used 
as an index to the genera. In the Linnaean or sexual system, twenty- 
three classes are founded on the number, position, relative lengths, and 
connection of the stamens; while the orders in these classes depend 
on the number of the styles, the nature of the fruit, the number of 
stamens in the classes where this character is not used for distinguish- 
ing them, and the perfection of the flowers. The twenty-fourth class 
includes plants having inconspicuous flowers, and in it the orders are 
formed according to natural affinities. Under these classes and orders, 
all the known genera and species were arranged. It is in the higher 
divisions that the system is artificial, for, as regards genera, the Linnsean 
rules are followed even in the natural systems of the present day. 
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716. Tabular View of the Classes of the Linn^ean System. 

A. Flowers present (Phanerogamia). 

I. Stamens and Pistil in every flower. 

1. Stamens Free. 

a. Stamens of equal length, or not differing in certain propor- 
tions ; or stamen. 

in number 1 Class I. Monandria ° n ®- 

2 II. Diandria $'V, two. 

. 8 III. Triandria ffr, three. 

— 4 IV. Tetrandria. rtr^f y four. 

— 5 V. Pentandria. rtwri, five. 

— 6 VI. Hexandria U, six. 

— 7.. VII. Heptandria i«rk, seven. 

— 8 VIII. Octandria «**£, eight 

— 9 IX. Enneandria im», nine. 

X. Decandria $«**, ten. 

XI. Dodecandria. twelve. 

XII. Icosandria u»om y twenty 

or more/ — on Receptacle XIII. Polyandria *o\v; y many. 

b. Stamens of different lengths ; 

two long and two short XIV. Didynamia....) u f powe r. 

four long and two short XV. Tetradynamia ) ’ * 

2. Stamens united ; 

by Filaments in one bundle XVI. Monadelphia..) 

in two bundles XVII. Diadelphia.... > iStxpor, brother. 

in more than two bundle*. XVIII. Polyadelpliia..) 

by Anthers (Compound flowers) XIX. Syngenesia ... 

with Pistil on a Column XX. Gynandria run, female. 

II. Stamens and Pistil in different 

flowers ; on the same Plant XXI Monoecia \ ~ . 

on different Plants XXII. Dioecia / nouse * 

III. Stamens and Pistil in the same) 

or in different flowers on the> XXIII. Polygamia. marriage. 

same or on different plants....) 

B. Flowers Absent XXIV. Cryptogamia. x(vrro t} concealed. 


— 10 . , 

—12-19.. 

— 20) Inserted on Calyx 


717. Tabular View of the Orders of the LinnjEAN System. 


Class 1."" 

Monogynia 


II. 

Digynia 


III. 

Trigjmia 

3 — 

IV. 

Tetragynia 

4 

V. 

Pentagynia 

5 

VI. 

Ilexagynia 

G — 

VII. 

• Heptagynia 


VIII. 

Octogynia 

8 — 

IX. 

Enneagynia 


X. 

Decagynia 


XI. 

Dodecagynia 


XII. I 
XIII. 

Polygynia. 



ywri, female or pistiL 

one. 

Sit, two. 

— Tjtf, three. 

four. 

....rtWi, five. 

1 £, six. 

. ....f!TT*, seven. 

— far*, eight. 
....ima, nine, 
ten. 

,...5iOSs **, twelve 
....rflAvf, many. 
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► Triandria, Decandria, &c. (number of Stamens), as In the Classes. 


( Gymnoepermia Fruit formed by four Achaenia) naked 

XIV. < Angiospermia Fruit, a two-celled Capsule.... > & vessel. 

{ with many seeds ) «■»*{,»*, a seed. 

XV JSiliculosa. Fruit, a Silicula. 

' (Siliquosa Fruit, a Siliqua. 

XVI.1 
XVII. 

XVIII.) 

"Polygamia JEqualis Florets all hermaphrodite. 

S uperfl u a*. . . Florets of the disk hermaphrodite, those of the ray 

pistilliferous and fertile. 

Frustranea... Florets of the disk hermaphrodite, those of the ray 

XIX. \ neuter. 

Necessaria... Florets of the disk staminiferous, those of the ray 

pistilliferous. 

Segregata. . ..Each floret having a separate involucre. 

I Monogamia Anthers united, flowers not compound. 

XX.) 

XXI. V Monandria, Diandvia, &c. (number of Stamens), as in the Classes, 

XXII. I 

e, staminiferous, and pistilliferous 
he same plant 
on two plants, 
on three plants. 


XXIII. 


XXIV. 


f Monoecia 

) 

flowers on 

] Dioecia 

1 Trioecia 


f* Filices 


| Musci 


! Hepaticte 


] Lickenes 


| Algae 

^ Fungi 




718. Even as an artificial method, this system has many imperfec- 
tions. If plants are not in full flower, with all the stamens and styles 
perfect, it is impossible to determine their class and order. In many 
instances, the different flowers on the same plant vary as regards the 
number of the stamens. Again, if carried out rigidly, it would separ- 
ate in many instances the species of the same genus ; but as Linnaeus 
did not wish to break up his genera, which were founded on natural 
affinities, he adopted an artifice by which he kept all the species of 
a genus together. Thus, if in a genus nearly all the species had both 
stamens and pistils in every flower, while one or two were monoecious 
or dioecious, he put the name of the latter in italics, in the classes and 
orders to which they belonged according to his method, and referred 
the student to the proper genus for the description, 

719. Natural System. — It has been already stated, that a natural 
system endeavours to bring together plants which are allied in ail 
essential points of structure. It purposes to ascertain the system of 
nature, and the affinities of plants; and, in doing so, it takes into 
account all their organs. Every natural method, however, is, to a 
certain extent, artificial, and is likely to be so. It is impossible to 
show the affinities of plants in a lineal series ; ni8ny orders pass insen- 
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sibly into others, so that their limits cannot be accurately defined ; and 
no perfect system can be constituted until all the plants of the globe 
are known. Moreover, many artificial means are avowedly used in 
all natural systems to aid the student. 

720. The early natural systems were very imperfect, being founded 
on comparatively vague views of structure and affinity. Such were 
the systems of Magnolius and Adanson. The sketch of a natural sys- 
tem by Linnams was very incomplete, and even that of the celebrated 
Ray was imperfect. It was not until the knowledge of structural 
botany had advanced, that the affinities of plants were ascertained, and 
the relative importance of the different characters discovered. The 
natural systems of the present day recognize a certain subordination 
of characters, founded on the fact that some organs are of more impor- 
tance to the life of plants than others. The relative values of these 
characters are determined by the study of organization, and are not 
fixed by arbitrary rules. The following table will illustrate this 
subordination of character : — 


721. Subordination in Value op the Organs of tiie same Class. 


Relative Values. 

1 . 


2 . 


8. 


4 

5 . 


Elementary. 
Cellular Tissue. 

f Vascular Tissue 

I a. Spiral Vessels . 

b. Porous Vessels. 

c. Scalariform 

Vessels 

^ Stomata 


Nutritive. 


f Embryo. 

a. Cotyledon. 
J b . Radicle. 

c. Plumule. 
Spore. 

^ Protliallos.. 


-j Root, Stem, Leaf, 
Frond, Thallus. 


Reproductive. 


{ 

{ 


1. Stamens and Pistil 

2. Antheridia and Arcbd- 

gonia. 

3. Fruit. 

Pericarp. 

Tlieca. 

Perianth. 

a. Corolla. 

b. Calyx. 

Inflorescence. 

Torus, Nectary. 

Bract, Involucre. 


722. Thus, cellular tissue occupies the highest place, as being most 
universally diffused, and capable of carrying on all the functions ; next 
comes vascular tissue. By the consideration of these, the two great 
divisions of cellular and vascular plants are determined. There is 
nothing in the nutritive and reproductive systems of the same value as 
cellular tissue. The embryo and its parts are reckoned as occupying 
the highest place in the nutritive system, and as corresponding in value 
with the vascular among the elementary tissues. In the same w ay 
the other values are determined. In examining organs, it is essential 
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to compare those which belong to the same series ; for an organ which 
occupies the highest place in one series, may be inferior in value to a 
second-rate organ in another. The comparative importance of the 
different series must be taken into account also. Thus, the nutritive 
may be considered as of more importance than the reproductive func- 
tion, as being more essential for the life of the individual ; and an 
organ of first-rate value in the one, will therefore assume a higher func- 
tion than one of the same value in the other. The changes which take 
place in any one set of organs are often accompanied with changes in 
others; and thus it is found that natural divisions may be arrived at 
by different routes — for instance, by the elementary, nutritive, and re- 
productive functions. This gives the true notion of affinity ; and clas- 
sifications formed on such principles will obviously be more valuable, 
in a practical and physiological point of view, than those which adopt 
characters in an arbitrary manner. 

723. Primary DiviuioiiM ®f the Vegetable Kingdom.— In taking a 
survey of the Vegetable Kingdom, some plants are found to be com- 
posed of cells only, and are called Cellular (^[ 8) ; while others -consist 
of cells and vessels, especially spiral vessels, and are denominated Vas- 
cular (^[ 28). If the embryo is examined, it is found in some cases to 
have cotyledons or seed-lobes, in other cases to want them ; and thus 
some plants are cotyledonous, others acotyledonous (^[ 590) ; the former 
being divisible into monocotyledonous , having one cotyledon ; and di- 
cotyledonous, having two cotyledons. The radicle, or young root of 
acotyledons, is heterorhizal (^[ 629), that of monocotyledons is endorhizal 
( 1 [ 628), that of dicotyledons, exoihizal (*[f 629). When the stems are 
taken into consideration, it is seen that marked differences occur here 
also, acotyledons being acrogenous , monocotyledons endogenous , and 
dicotyledons exogenous (^[ 107). The venation of leaves, parallel, 
reticulated, or forked (IT 143), establishes the same great natural di- 
visions ; and similar results are obtained from a consideration of the 
flowers, monocotyledons and dicotyledons being phanerogamous , and 
acotyledons cryptogamous (^[ 323). 

724. Thus, the following grand natural divisions are arrived at: — 

1. Cellular... Acotyledonous. Ileterorhizal. Acrogenous. Cryptogamous. 

9 Vn-vMdnr /Monocotyledonous. Endorhi/al. Endogenous. 'I ™ 

2. Vascular. \ mc0iyUdomu ^ ExorbizaL Kxogenous. / Phanerogamous. 

These larger groups are, on similar principles, subdivided, until at 
length genera and species are reached by a process of analysis. 
Similar results will be obtained by a synthetical process, conducted on 
the same principles, and proceeding from species upwards. 

725. Henslow illustrates the divisions and subdivisions of a natural 
system by reference to Anthyllis Vidneraria i thus : — 
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I. Class 

... Dicotyledones. 

Subclass ... 

... Calyciflor®. 

II. Order 

Leguminos®. 

Suborder 

... Papilionace®. 

Tribe 

... Lote®. 

Subtribo ... ... 

... Geniste®. 

III. Genus 

... Anthyllis. 

Subgenus or Section 

... Vulneraria. 

IV. Species 

Vulneraria. 

Variety 

... Dillenii. 

Race 

... Floribus coccineis. 

Variation 

... Foliis hirsutissimis. 


726. The most important natural systems are those of Jussieu, De 
Candolle, Endlicher, and Lind ley. The larger divisions of each of 
them are given in a tabular form. 

727. Classes of Jussieu’s System. 

Acotyledones Class I. 

II. 

III. 

IV. 


(Mono-hypogynaj, (Stamens hypogynous)., 

, -j Mono-perjgynce...( perigynous).. 

(Mono-epigynic — ( cpigyuous).. 

f Monoclines, Flowers hermaphrodite. 


Monocotyledones.. 


) 


A petal® 

(No Petals.) 


( Epistamineae (Stamens epigynous). .. 

Peristamine® ....( perigynous). 




Hypostaniine®...( • 

Hypocoroll® (Coiolla hypogynous)..,..,.. .. 

Poricorollie ( perig\ nous) 

j f Synanther® . 

j f (Corolla 

^Epicoroll®... \ epigynous) 


V. 
VI. 

- hypogynous) V J I. 

VIII. 
IX. 
X. 


Monopetal®, 1 / (Corolla j (anthers united) 

(1 etaia united.) j Epicoroll®... \ epigynous) j Coris 'Hither®., 

h (others free) 

i Epipetal® (Petals epigynous) 

Polvpetalre < Ilypopetal® ( hypogynous) 

(Totals distinct).. ( Peripetal® ( perigynous) 

Diclines Flowers unisexual, or without a perianth 


XI. 

XII. 

xni. 

xiv. 

xv. 


Under these Classes Jussieu included 100 Natural Orders, or Groups of Genera. 


728. Classes of tiie Natural System of De Candolle. 

A. Vasculares or Cotyledonr®. 

Class I. Dicotyledones or Exogen®. 

^Subclass 1. Thalamiflor® Petals distinct, stamens liypo- 

gynous. 

!. Caheidor® ......Petals distinct or united, stamens 

pc i igvnous. 

3. Corolllflor® Petals united, hypogynous, bear- 
ing the stamens. 

4. Monochlamyde®....A calyx only, or none. 

Class IT. Monocotyledones or Endogen®. 

Subclass 1. Mon-Phanerogam ib Having floral envelopes. 

2. Mon-Crypto* am £e Having no floral envelopes. 


Dichlamyde®, 
having calyx 
and corolla. 

i 

Having a single) 
Derianth. ' 
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B. Cellulares ob Acotyledonejb. 

Class III. Acotyledones. 

Subclass 1. Folios© Having leaves. 

— — — 2. Aphyll© Leafless. 

729. By some recent authors, this system has been modified, so as 
to include, under Corolliflorm, all Dicotyledons with united petals, 
whether hypogynous or not, and to exclude from Class II. all plants 
without flowers. It is then presented in the following form : — 

Modification of Decandolle’s System. 

Class I. Dicotyledones or Exogen©. 

Dichlamydere, ( Subclass 1. Thalamiflor®, Petals distinct, stamens hypogynous. 

having calyx ■< 2. Calyciflor©, Petals distinct, stamens perigynous. 

and corolla. ( 3. Corolliflor©, Petals united, hearing the stamens. 

^perianth 8 ^ 1 ^ 6 } 1 Monochlamyde©,.A calyx only, or none. 

Class II. Monocotylcdones or Endogen©. 

Subclass 1. Petaloide© or Florid©, Floral envelopes vetticillate. 

2. Glumace©, Floral envelopes imbricated. 

* 

Class III. Acotyledones or Acrogen©. 

Subclass 1. iEtheogam©, Having vascular tissue. 

2. Amphigam© or Cellulares,.. Entirely collular. 

730. System of Endlichkr. 

BEGION I. — THALLOPIIYTA (0«XAo?, frond, tvri», a plant). No opposition of 
stem and root No spiral vessels, and no sexual organs. Propagated 
by spores. 

Section i. Protofiiyta Q r^roe , first or originating). Developed without 
soil ; deriving nourishment all around ; fructification indefinite. 

Section ii. Hysterofiiyta posterior or derivative). Developed on 

decaying organisms ; nourished internally from a matrix ; all the or- 
gans appearing at once, and perishing in a definite manner. 

BEGION II — CORMOPHYTA (*•;/*«*, a stalk or trunk). Opposition of stem 
and root Spiral vessels and sexual organs distinct in the more per- 
fect 

Section iii. Acrobrya (£*{«, summit, and to germinate). Stem in- 
creasing by the apex, the lower part being unchanged, and only con- 
veying fluids. 

Cohort 1. Anophyta («*», above). No spiral vessels. Both sexes present 
Spores free within spore-cases. 

Cohort 2. Frotophyta. Bundles of vessels more or less perfect No male 
organs. Spores free within one- or many-celled spore-cases. 

Cohort 3. HyBterophyta. Both sexes perfect Seeds without an embryo, 
consisting of many spores. Parasitic. 

con iv. Amfhlbrta around). Stem increasing at the circumfer- 
ence. Vegetation periphericaL 
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Section v. Acbamphtbrya (&*;*, kup), and (3ftw). Stem increasing both 
by apex and circumference. Vegetation peripherico-terminal. 

Cohort 1. Gymnospermai (yv/***?> naked, and tr<Tt?u.ec, seed). Ovules naked, 
receiving the fecundating matter directly at the micropyle. 

Cohort 2. Apetalae (<*, privative or without, and a petal). Perigone 

either wanting or rudimentary or simple, calycine or coloured, free or 
adherent to the ovary. 

Cohort 3. Gamopetalse (y*/uLct, union). Perigone double; outer calycine, 
inner coiolline ; gamopetalous, rarely wanting by abortion. 

Cohort 4. Pialypetalce (ShzxC*, I separate). Perigone double ; outer caly- 
cine, parts distinct or united, or attached to the ovary; inner cor- 
olline, parts distinct or very rarely cohering by means of the base of 
the stamens ; insertion hypogynous, perigynous, or epigynous ; some- 
times abortive. 

Under those sections, Endlicher enumerates 279 natural orders, which 
are grouped under 61 classes. 


731. 

Division of the Vegetable Kingdom by Lindtay. 1839. 


( Cyclogens. 

J Class I- Exogens (proper). 

Exogens 


( IT. Gymnogens (naked seeds). 


(Wood in wedges, 

TIL Ilomogens. 


fSpormogens, 

/ IV. Dictvogens (leaves reticulated). 

Endogens .... 


\ *V. Endogens (proper). 


(Bearing spores, 

V I. Sporogens or Khizanths. 

Acrogens 

(Distinct Stem, 

VII. Cormog ens. 

(Only a Thullus. 

VIII. Tliallogens. 


In the Exogens and Endogens, the following subordinate series of sub- 
classes are formed : — 


1. Consolidated. Floral envelopes are united both with each other and the stamens, 

and with the ovary. 

2. Separated. Floral envelopes and stamens are united to each other, but the ovary 

is consolidated and free. 

3. Adherent. Petals and sepals adhere to each other and the stamens, and ovary, 

but have their parts disunited. 

4. Disunited. Petals and sepals adhere to each other and the stamens, but have 

their parts disunited, and do not adhere to the consolidated ovary. 

5. Dissolved. Petals and sepals are distinct from the stamens, and also from the 

ovary, whose carpels arc disunited, either wholly or by the styles. 

In each of these subdivisions, the orders are arranged in two series, 
the on£ Albuminous, the other Exalbuminous. 

732. Lindley’s Division of the Vegetable Kingdom. 184 6. 
Asexual or Flowbrless Plants. 


Stem and leaves ^distinguishable Class 1. Thallogttn. 

Stem and leaves distinguishable .,** II. Acrogeea. 


K 
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Sexual or Flowering Plants. 


Fructification springing from a thallus III. Rhizogens. 

Fructification springing from a stem, 

Wood of stem youngest in the centre, cotyledon single. 

Leaves parallel-veined, permanent, wood of stem always 

confused IV. Endogens. 

Leaves net-veined, deciduous, wood of stein, when peren- 
nial, arranged in a circle with a central pith V. Dictyogens. 

Wood of stem youngest at the circumference, always con- 
centric, cotyledons two or more. 

Seeds quite naked VI. Gymnogens. 

Seeds enclosed in seed-vessels VII. Exogens. 


The following are the subclasses of Endogens and Exogens adopted by 
Lindley : — 

Endogens. 

Subclass 1. Glumaceous. — Floral envelopes imbricated. 

2. Pctaloid. — Floral envelopes verticillate. 

a. Unisexual, often achlaim deous. 

b. Hermaphrodite, ovary adherent 

c. Hermaphrodite, ovary free. 

Exogens. 

Diclinous. — Flowers unisexual. 

Hypogynous. — Flowers^sually hermaphrodite, stamens completely hypo- 
gynous, free from the cah x or corolla. 

Perigynous. — Flowers usually hermaphrodite, stamens growing to the side 
of either the calyx or eoiolla; ovary superior, or nearly so. 

Epigynous. — Flowers usually hermaphrodite, stamens growing to the side 
of either the calyx or corolla ; ovary inferior, or nearly bo. 

Under the classes, Lindley enumerates 303 natural orders, which are 
grouped together under 56 alliances. In this system of Lindley, the 
divisions of Asexual and Sexual plants correspond to Endlicher’s 2 
Regions; the 7 classes represent Endlicher’s 5 sections; and the 56 
alliances are equivalent to the 61 classes in Endlicher’s system. 

733. This division may be presented thus : — 

Classes. Wood. Leaves. Envelopes. Sexes * Embryo. 

1. Exogenae Exogenous. .Netted Quinary.Perfect ...Dicotyledonous. 

2. Gymnospermae Exogenous.. Parallel or forked None Imperfect.Dicotyledonous. 

3. Endogenae Endogenous Parallel Ternary. .Perfect.. .Monocotyledonous. 

4. Dictyogenae ....Endogenous Netted Ternary.. Perfect... Monocotyledonous. 

5. Rhizanthse None None Variable. Imperfect. Acotyledonous V 

6. Acrogen® Acrogenous.. Forked or None. ..None None Acotyledonous. 

7. Thallogen® None None None.. ...None. Acotyledonous. 

| 734. Henslow has given a comparative view of all these systems, 
tainting out, in a tabular form, the corresponding divisions in each of 
;hem : — 


Subclass 1. 

4. 



Hendow’s approximate Comparison of the Systematic Views of Jussieu, De Candolle, Endlicher, and Lindley. 
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CHARACTERS OF CLASSES AKD ORDERS, 


Having a sin- ) 
gle perianth- 1 


Peri- and Epi-co- 
roll®. 

Monopetal se Hypo- 
corollce of Jussieu. 


735, Id the succeeding pages the natural orders will be grouped 
under the following divisions : — 

A. PlIANEROOAMOUS, OR VASCULAR FLOWERING PLANTS. 

Class I. Dicotyledones or Exogen ce. 

? Subclass 1. Thalamiflor® Petals distinct,) p olypetalffi of j os . 

I „ _ stamens hypogroous... ....... f Bi / U f nnd Monopet. 

Dichlamvdefe, 2 - Calyciflor® .....Petals d.stin<!tS. p aud £pi _ c0 _ 

laving calvx or united, stamens pengynous l rollffl . 

andcoroa. 3. Corolliflone. Petals united,' > Mon * opcta1(e H ypo- 

Corolla hypogyuous, usually V coro fi fflof j u9s i eu . 

1 bearing the stamens ) 

{ > 4. Monochlamydese. . . A calyx only, ^ 

or none I A petal® and partly 

a. Angiospermae, seeds in an ovary. [ Diclines of Jussieu. 

b. Gymnosperma*, seeds naked. J 

Class II. Monocotyledones or Endogenae. 

Subclas* 1. Dictyogena? Floral envelopes verticillate, leaves reticulated. 

2. Petaloideae or Florida?, Floral envelopes verticillate, leaves parallel-veined. 

a. Hermaphrodite, ovary adherent. 
b. Hermaphrodite, ovary free, 

c. Unisexual, often achlamydeous. 

3. Glumi ferae ....Floral envelopes imbricated, leaves parallel-veined. 

B. Cryptogamous, or Cellular Flowerless Plants. 

Class III. Acotyledones or Acrogenae. 

Subclass 1. -tEtheegartiao or Cormogenae, Having vascular tissue. 

2. Amphigamae, Tkallogenac, or Cellulares Entirely cellular. 


CHAPTER II. 

ARRANGEMENT AND CHARACTERS OF THE CLASSES 
AND NATURAL ORDERS. 

SECTION I. — P HANEBOGAMOUS PLANTS. 

Class I.— -Dicotyledones and Exogen^e, Juss. and DC. Acramphibrya, Endl 

736. This is the largest class in the vegetable kingdom. The plants 
included under it have a cellular and vascular system, the latter con- 
sisting partly of elastic spiral vessels (fig. 49). The stem is more or 
less conical, and exhibits wood and true bark. The wood is exogenous, 
i.c. increases by additions at the periphery, the hardest part being 
internal (V 72, &c.) It is arranged in concentric circles. Pith exists 
. in the centre, and from it diverge medullary rays. The bark is separ- 
able, and increases by additions on the inside. The epidermis is fur- 
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nished with stomata (^[ 50). The leaves are reticulated 143,), usually 
articulated to the stem. The flowers are formed upon a quinary 
or quaternary type, and have stamens and pistils. The ovules are 
either enclosed in a pericarp, and fertilized by the application of the 
pollen to the stigma, or they are naked and fertilized by the direct 
action of the pollen. The embryo has two or more opposite cotyledons, 
and is exorkizal in germination (^[ 629). 


Subclass 1.— ' THALAMIFLORiE.* 


737. Calyx and corolla present ; petals distinct, f inserted into the 
thalamus or receptacle; stamens hypogynous. This includes the 
hypogynous polypetalous orders of Jussieu, and a diclinous order 
(Menispermaceae). 

738. Order 1. — Rannncaiaccae, the Crowfoot Family. (Polypetalce 
Hifpogyncc.) Sepals 3-6, frequently 5, deciduous 
(fig. 556 c). Petals 5-15 (fig. 556-*# e), rarely 
abortive, sometimes anomalous in form, (figs. 284 
p, 285), occasionally with scales at the base (fig. 

555 a). Stamens usually indefinite, hypogynous 
(fig. 556 c) ; anthers adnate (figs. 558, 559) ; car- 
pels numerous, 1 -celled (fig. 556 p e), distinct, or 
united into a single many-celled pistil; ovary contain- 
ing one anatropal ovule (figs. 492, 560 g ), or several 
united to the inner edge. Fruit various, either dry 




* Thalamus, receptacle, and flos, flower 

f Sometimes the petals are aboitivc, and it is then difficult to determine whether the plant 
belongs to this subclass or to Monochlamydea*. 

Figs 556— 5(51.— Exhibit the organs of fructification of Ranunculus acris, to illustrate the 
natural older ltanunculaecoe. 

Fig. 556 — blower cut vertically, c, Calyx, pc, Petals e, Stamens, jn. Pistil composed o 
several carpels on an clontrnted receptacle or axis. 

Fig. 557 — Diagi am of the Hovum, showing 5 imbricated sepals, 5 petals alternating with the 
sepals, indefinite stamens in several whorls, multiples of the petals, and numerous carpels or 
achaenia in the ccntie. 

Fig. 558.— Adnate anther seen on the outer side. The anther is in tills instance extrorse. In 
Paeonia and some Ranunculaceaj It is introrse. 

Fig 550.— Adnate anther viewed on the inside. 

Fig 560. — Vertical section of the ovary, o, showing the ovule, g s, Stigma. 

Fig. 561 .~Fi uit or aoluenium cut vertically /, Pericarp, t, Spermoderm or integument of the 
auatiopal seed, p, Perisperm or albumen, between fleshy and homy. e,.Minute embryo. 
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Seeds albuminous, erect, or pendulous; albumen horny (fig. 561 p ); 
embryo minute (fig. 561 e). — Herbaceous, suffruticose, or rarely 
shrubby plants, having alternate or opposite, simple, much-divided 
leaves, with dilated sheathing petioles (fig. 233). Juice watery. 
Hairs, if present, simple. 

739. The plants of the order are found in cold damp climates, and 
in the elevated regions of warm countries. Europe contains one-fifth 
of the order, and North America about one-seventh. The order is 
divided into five suborders : — 1. Clematidese; 2. Anemone® (fig. 247); 
3. Ranuncule® (fig. 233); 4. Helleborcae (fig. 443); 5. Act®®, or 
P®oni® (fig. 370), according to the aestivation of the calyx, the nature 
of the fruit, &c. Henslow gives* the following analysis of these sub- 
orders, with the number of British species in each : — 




Spec. Bi it. Anthef . 

Carpet 

Seed. 

1 

Clematidete... 

n i 

1 mono- I 
[ sperm. / 

* 

2. 

3. 

.Anemones’! .. 
]?anunculea\. 

9 ! * 

’ 90 extrorse j 

pendulous 

erect. 

4. 

Helleboreae... 

9J 

polyspeim. 

* 

5. 

rseoniae 


* * 

* 


JEstlv. 

valvate. 

imbricate. 

* 

* 

* 


Bindley enumerates 41 known genera, comprising 1000 species. 
Examples of the genera — Clematis, Anemone, Ranunculus, Helleborus, 
Delphinium, Aconiturn, Actasa, Pseonia, Podophyllum. 

740. The order has narcotico-acrid properties, and the plants are 
usually more or less poisonous. The acridity is frequently volatile, 
and disappears when the plants are dried or heated. It varies in dif- 
ferent parts of the plants, and at different seasons. Ranunculus (the 
genus whence the oifler is named) contains many acrid species, such 
as R. sceleratuSj alpestris , bulbosus , gramineus , aciis , and Flammula; 
while others, such as R. repens , aquatilis , Lingua , and Ficaria , are 
bland. The acridity is entirely lost by drying, and it disappears in 
the pericarps- as the seeds, which are themselves bland, ripen. The 
leaves of Aconiturn Napellus , Monkshood, contain a narcotic alkaloid, 
called aconita or aconitina. They are used as an anodyne in neuralgic 
affections, in the form of extract and tincture. The root of Aconiturn 
ferox furnishes the powerful East Indian poison, called Bikh or Nabee. 
The leaves of Clematis recta and Flammula have been used as vesicants. 
The seeds of Delphinium Staphisagria , Stavesacre, are irritant and 
narcotic, and are used for destroying vermin. They owe their activity 
to an alkaloid principle, called delphinia. The Hellebores have been 
long noted for their irritant qualities. Helleborus officinalis , niger } 
joetidus , and viridis , act as drastic purgatives ; hence the use of some 
of them in ancient times in cases of mania. The rhizome of Podophyl- 
lum peltatum , May-apple, is employed in America as a purgative. 
Some of the Ranunculace® are chiefly marked by bitter tonic pro- 
perti«fe^ This order, in the position, number, an<f structure of its parts 
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of fructification generally, presents a resemblance to several widely 
differing families. It differs from Dilleniaceaa, in the want of an aril, 
in its deciduous calyx, and in its whole habit ; from Magnoliaeeae, in 
the want of true stipules ; from Papaveraceas and Nymphseaceae, in the 
distinct, not united carpels, watery, not milky juice, and acrid, not 
narcotic properties. It closely approaches the Berberidaceae, but 
differs in its stamens not bursting by recurved valves. In its 
numerous carpels, floral divisions, and indefinite stamens, it agiees 
with the Rosaceoe, but differs in its stamens being hypogy nous instead 
of perigynous, in the large quantity of albumen surrounding the 
minute embryo, in the want of true stipules, and in its acrid pro- 
perties. Crowfoots and Umbellifers agree in some particulars ; the 
latter, however, have their calyx adherent to the ovary, and their 
stamens always definite. * 

741. Order 2. — muoniacesc, the Dillenia Family. ( Polypet . Ilt/pog.) 
Sepals 5, persistent. Petals 5, deciduous, in a single row. Stamens 
indefinite, hypogynous, either distinct or combined into bundles ; fila- 
ments dilated at the base or apex; anthers adnate, introrse, with 
longitudinal dehiscence. Ovaries definite, more or less distinct, with a 
terminal style and simple stigma ; ovules ascending. Fruit of 2-5 cap- 
sular or baccate unilocular carpels, which are either distinct or cohe- 
rent. Seeds universally arillate, several in each carpel, or only two, 
or one by abortion; testa (spermoderm) hard; embryo straight, 
minute, at the base of fleshy albumen. — The plants of the order are 
trees, shrubs, or under-shrubs, having alternate, exstipulate, coria- 
ceous, or rough leaves. They are found chiefly in Australasia, Asia, 
and the warm parts of America. The Indian species are remarkable 
for their beauty, the grandeur of their foliage, and the magnificence of 
their flowers. They have astringent properties, and some of the 
species afford excellent timber. Bindley enumerates 26 genera, in- 
cluding 200 species. Examples — Dillenia, Delima. 

742. Order 3. — uiagnoiiuccse, the Magnolia Family. ( Polypet . 
Hypog.) Sepals 2-6, usually deciduous. Petals 2-30, hypogynous, 
often in several rows. Stamens indefinite, distinct, hypogynous ; an- 
thers adnate, long, dehiscing longitudinally. Carpels numerous, 1 -celled, 
arranged upon a more or less elevated receptacle ; ovules anatropal, 
suspended or ascending; styles short. Fruit consisting of numerous 
distinct or partially coherent carpels, which are either dehiscent or 
indehiscent, sometimes samaroid. Seeds, when ripe, often hang sus- 
pended from the carpels by a long slender cord ; embryo minute, at 
the base of a fleshy perlsperm. — Trees and 6hrubs, with alternate 
coriaceous leaves, and deciduous convolute stipules. They abound in 
North America, and some species occur in South America, Cliina, 
JapaD, New Holland, and New Zealand. The order has been divided 
into two suborders: — 1. Wintereae; aromatic plants, in which the 
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leaves are dotted, the carpels are in a single verticil, and the wood 
often consists of punctated tissue (fig. 47). 2. Magnoiie® ; bitter plants 
with fragrant flowers, in which the carpels are arranged in several 
rows on an elevated receptacle (fig, 306), and the leaves are not 
dotted. Lindley mentions 11 known genera, comprising 65 species. 
Examples — Illicium, Drimys, Magnolia, Liriodendron. 

743. The properties of the order are bitter, tonic, and often 
aromatic. Illicium anisatum ) Star-anise, is so called from its carpels 
being arranged in a star-like manner, and having the taste and odour 
of anise. Its fruit is employed as a carminative. Drymis Winteri or 
aromatica , brought by Captain Winter from the straits of Magellan in 
1579, yields Winter’s bark, which has been employed medicinally as 
an aromatic stimulant. It somewhat resembles Canella bark. Magnolias 
are remarkable for their large odoriferous flowers, and their tonic 
aromatic qualities. The bark of 1 Magnolia glauca , Swamp Sassafras or 
Beaver-tree, is used as a substitute for Peruvian bark. Liriodendron 
tttlipiftra, the Tulip-tree, marked by its truncate leaves, has similar 
properties. 

744. Order 4. — Anonaceir, the Custard-apple Family. ( Polypet . 
Hypog.) Sepals 3-4, persistent, often partially cohering. Petals 6, 
hypogynous, in two rows, coriaceous, with a valvate aestivation. Sta- 
mens indefinite (very rarely definite) ; anthers adnate, extrorse, with 
a large 4- cornered connective?. Carpels usually numerous, separate 
or cohering slightly, rarely definite; ovules anatropal, solitary or several, 

\erect or ascending. Fruit succulent or dry, the carpels being one or 
many-seeded, and either distinct or united into a fleshy mass ; spermo- 
derm brittle ; embryo minute, at the base of a ruminated or mottled 
perisperm or albumen, which constitutes an important character of 
the order. Trees or shrubs, with alternate, simple, exstipulate leaves, 
found usually in tropical countries. Lindley enumerates 20 genera, 
including 300 species. Examples — Bocagea, Anona, Uvaria, Guat- 
teria, Xylopia, Duguetia. 

745. Their properties are generally aromatic and fragrant. Some 
of the plants are bitter and tonic, others yield edible fruits. The cus- 
tard-apples, Sweetsops, and Soursops of the East and West Indies, are 
furnished by various species of Anona, such as A. squamosa , reticulata, 
and muricata. Anona cherimolia furnishes the Cherimoyer, a well- 
known Peruvian fruit. The fruit of Xylopia aromatica is commonly 
called Ethiopian Pepper, from being used as pepper in Africa. Xylopia 
glabra is called Bitter-wood in the West Indies. The Lancewood 
of coachmakers appears to be furnished by a plant belonging to this 
order, called by Schomburgk Duguetia qvitarensis. 

746. Order 5. — itteuispcrmacoae, the Moon-seed Family. ( Polypet . 
Ilypog.) Flowers usually unisexual (often dioecious), generally of a 
pjftgUfFeenish hue. Sepals and petals similar in appearance, in one or 
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several rows, 3 or 4 in each row, hypogynous, deciduous. Stamens 
monadelpbous, or occasionally free ; anthers adnate, extrorse. Carpels 
solitary or numerous, distinct or partially coherent, unilocular ; ovule 
solitary, curved (fig. 420). Fruit a succulent 1-seeded oblique or lunate 
drupe. Embryo curved or peripherical ; radicle superior; albumen 
fleshy, sometimes wanting. — The plants of this order are sarmentaceous 
or twining shrubs, with alternate leaves, and very small flowers. The 
wood is frequently arranged in wedges, and hence the order was at one 
time put under the division called Homogens by Lindley (^[ 90 and 
731). The order is common in the -Topical parts of Asia and Amer- 
ica. There are 23 known genera, including 202 species. Examples — 
Menispermum, Cissampelos, Cocculus, Lardizabala, Schizandra. 

747. The species are bitter and narcotic. Some are employed as 
tonics, others have poisonous properties. The root of Cocculus ( Jateo - 
rhiza ) palmatus , a plant of east Africans known as Calumba-root, and 
is used as a pure bitter tonic in cases of dyspepsia, in the form of 
infusion or tincture. It contains a bitter crystallizable principle called 
Calumbin. Cqpculus indicus is the fruit of Anamirta paniculata. It 
is extremely bitter. The seed contains a crystalline poisonous narcotic 
principle, Pierotoxinj which is its active ingredient ; while the peri- 
carp yields a poisonous alkaloid called Menispermine. It has been 
used externally in some cutaneous affections. At one time it was em- 
ployed, most prejudicially, to give bitterness to porter. Cissampelos 
Pareira , Wild-vine or Velvet -leaf, furnishes Pareira- brava- root, 
which is employed as a tonic and diuretic, and has heen recom- 
mended in chronic infiamrnation of the bladder. Cissampelos ovalifolia 
and C. Mauntiana are used as tonics and diuretics. Coscinium (Me- 
nispermum) fenestratum supplies a false Calumba-root, which contains 
much Berberine, the same yellow bitter crystalline substance which 
is found in the Barberry. 

748. Order 6. — B^rberidacew, the Barberry Family. ( Polypet . 
Ilypog . ) Sepals 3-4-G, deciduous, in a double row. Petals hypogy- 
nous, equal in number to the sepals, and opposite to them, or twice as 
many, often having an appendage at the base on the inside. Stamens 
equal in number to the petals, and opposite to them ; anthers adnate, 
bilocular (dithecal), each of the loculi opening by a valve from the 
bottom to the top. Carpel solitary, unilocular, containing 2-12 
anatropal ovules; style sometimes lateral; stigma orbicular. Fruit 
baccate or capsular, indehiscent. Albumen fleshy or horny ; embryo 
straight, sometimes large (fig, 494). — Shrubs or herbaceous perennial 
plants with alternate, compound, exstipulate leaves. The true leaves 
are often changed into spines, by non-development of parenchyma 
and induration of the veins (fig. 231 /). Found chiefly in the moun- 
tainous parts of the temperate regions of the northern hemisphere. 
The plants of the order have bitter and acid properties. The bark 
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aud stem of Berberis vulgaris , common Barberry, are astringent, and 
yield a yellow dye and a crystalline matter called Berberine ; the 
fruit contains oxalic acid, and is used as a preserve. Lindley enume- 
rates 12 genera, including 100 species. Examples — Berberis, Epi- 
medium, Leontice. 

749 Order 7. — Cabombacese, the Watershield Family. ( Polypet . 
Hypog.) Sepals 3-4. Petals 3-4, alterpate with the sepals. Stamens 
hypogynous, arising from an inconspicuous torus, two or three times 
the number of the petals ; anthers linear, introrse, continuous with the 
filament. Carpels 2 or more; stigmas simple; ovules orthotropal. 
Fruit indehiscent, tipped with the indurated styles, containing one 
or two pendulous seeds. Embryo minute, enclosed in a vitellus (the 
sac of the amnios), and placed at the base of a fleshy perisperm. — 
American aquatic plants, with floating peltate leaves. Some have 
nutritious and slightly astringent properties, and have been used in 
phthisis and dysentery. Lindley mentions 2 genera, including 3 
speciest Examples — Hydropeltis, Cabomba. 

750. Order 8. — Nymphspactye, the Water-lily Family (fig. 562). 
( Polypet. Hypog.) Sepals usually 4, sometimes confounded with the 
petals. Petals numerous, often passing gradually into stamens (fig. 
310, 2). Stamens indefinite, inserted above the petals into the torus 
(fig. 562 c); filaments petaloid ; anthers adnate, introrse, opening by 
two longitudinal clefts. Torus large, fleshy, surrounding the ovary 
more or less (fig 562 t). Ovary multilocular, many-seeded, with 
radiating stigmas (fig. 562 s ) ; numerous anatropal ovules. Fruit 
many-celled, indehiscent. Seeds very numerous, attached to spongy 
dissepiments ; albumen farinaceous ; embryo small, enclosed in a fleshy 
vitellus, and situated at the base of the perisperm (fig. 480). — Aquatic 

fleshy leaves, and a rootstock or stem 
which extends itself into the mud at 
the bottom of the water. Lindley 
enumerates 5 genera, comprehend- 
ing 50 species. Examples — Nym- 
phsoa, Nuphar, Victoria, Euryale. 

751. The plants of this order are 
found throughout the northern hemi- 
sphere, and are generally rare in 
the southern hemisphere. Little is 
known in regard to their proper- 
ties. Some of them are astringent 
and bitter, while others are said 
to be sedative. They have showy 
flowers, and their petioles and 

Fig. 662.— Section of a flower of Nymphrea alba, white Water-lily, Rhowing the pistils an<l the 
receptacle or torus bearing the stafnens and petals jt>, Peduncle or flower-stalk. (, Elevated 
torus or reeeptacle. s, Radiating stignms a, SepaL 6, Petal, c, Stamens. 


plants, with peltate or cordate 
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peduncles contain numerous air-tubes. Victoria regia is one of the 
largest known aquatics. It is found in the waters of South America, 
and is said to range over 35 degrees of longitude. The flowers have 
a fine odour. When expanded they are a foot in diameter. The 
leaves are from four to six and a-half feet in diameter. The seeds and 
rootstocks of many plants of this order contain much starch, and are 
used for food. It has been said that the rhizomes of Nymphcea alba 
are better than Oak-galls for dyeing gray ; they have been long em- 
ployed advantageously ftr tanning leather. The stems of Nvphar 
luteuni are reported to be astringent. 

752. Order 9. — Nelumbiacere, the Water-bean Family. ( Polypet . 
Bypog.) Sepals 4-5. Petals numerous, in many rows. Stamens in- 
definite, in several rows ; filaments petaloid ; anthers adnate, introrse, 
opening by a double longitudinal cleft. Torus large, fleshy, elevated, 
enclosing in hollows of its surface numerous carpels. Nuts numerous, 
inserted, but loose, into the depressions of the torus. Seeds 1-2 ; 
perisperm none ; embryo enclosed in a vitellus, large, with two fleshy 
cotyledons. — Aquatic herbs, with showy.flowers, peltate floating leaves, 
and prostrate rootstocks, found in the temperate and tropical regions 
of the old and new world. Lindley enumerates 1 genus, including 3 
species. Example — Nelumbium. 

753. The flower of Nelumbium speciosum is supposed to be the Lotus 
figured on Egyptian and Indian monuments, and the fruit is said to be 
the Pythagorean Bean. The plant is said to have disappeared from 
the Nile, where it used to abound. The petioles and peduncles contain 
numerous spiral vessels, which have been used for wicks of candles. 
Dr. Wight states that those wicks on great and solemn occasions are 
burnt in the lamps of the Hindoos placed before the shrines of their 
gods. 

754. Order 10. — Sarraceniace®, the Sidesaddle-flower Family. 
( Polypet Hypog.) Sepals 5, persistent, imbricated in aestivation, 
often with coherent bracts outside. Petals 5, hypogynous, concave ; 
occasionally the corolla is absent, and the calyx consists of 4-6 
segments. Stamens 00 ; anthers adnate, dithecal, introrse, with longi- 
tudinal dehiscence. Ovary free, tri- quin quel ocular ; style single ; 
stigma persistent, either a truncated point, or large and peltate with 
5 angles; ovules anatropal. Capsule 3-5-celled, with loculicidal 
dehiscence. Seeds very numerous, small, attached to large placentas 
which project from the axis into the cavity of the cells; albumen 
copious ; embryo cylindrical, lying at the base of the seed , radicle 
pointing to the hilum. — Herbaceous plants, found in boggy places, 
having radical leaves, the petioles of which are folded, and cohere so 
as to form ascidia or hollow tubes, which being lined by hairs of a 
singular nature, appear to act as secreting organs (fig. 187). Scapes 
one or more flowered. The plants are found in North America and 
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Guiana. Their properties are not known. There are 3 genera, in- 
cluding 8 species. Examples — Sarracenia, Heliamphora, Darlingtonia. 

755. Order 11. — PapaTeracew, the Poppy Family. ( Polypet . 
Hypog) Sepals 2, deciduous. Petals hypogynous, usually 4, cruciate, 
sometimes a multiple of 4, regular, rarely wanting. Stamens hypo- 
gynous, usually 00, sometimes a multiple of 4 ; anthers dithecal, in- 
nate. Ovary solitary , style short or none ; stigmas 2, or many and 
radiating (fig. 409); ovules 00, anatropal (fig. 421). Fruit unilocu- 
lar, either siliquaeform with two, or capsdfhr with several parietal 
placentas. Seeds numerous ; albumen between fleshy and oily ; 
embryo minute, at the base of the albumen, with plano-convex coty- 
ledons. — Herbs or shrubs, usually with milky or coloured juice, 
having alternate exstipulate leaves, and long one-flowered peduncles. 
The plants belonging to this order are chiefly European. The species, 
however, are found scattered over tropical America, Asia, China, New 
Holland, Cape of Good Hope, &c. Lindley mentions 18 known 
genera, and 130 species. Examples — Papaver, Meconopsis, Esch- 
scholtzia, Glaucium, Chelidonium. 

756. The order possesses well-marked narcotic properties. Opium 
is the concrete milky juice procured from the unripe capsules of 
Papaver somniferum , and its varieties. The plant is a native of Western 
Asia, and probably also of the south of Europe ; but it has been dis- 
tributed over various countries. There are five kinds of opium known, 
viz. Turkey, Egyptian, East Indian, European, and Persian ; of which 
the first is the kind chiefly used in Britain. The most important 
active principle in opium is the alkaloid called morphia. There are 
other crystalline principles found in it, such as codeia and narcotine ; 
and an acid called meconic acid, which constitutes with sulphuric ^cid 
the solvent of the active principles. According to various circum- 
stances, opium may act as a stimulant, a narcotic, anodyne, or diapho- 
retic. The seeds of the Opium Poppy yield a bland, wholesome oil. 
Chelidonium majus , Celandine, yields an orange-coloured juice, which 
is said to have acrid properties. In this plant, observations were made 
by Schultz on Cyclosis 261, and fig. 223). Eschscholtzia is remark- 
able for the dilated apex of the peduncle, from which the calyx 
separates in the form of a calyptra, resembling an extinguisher of a 
candle. Sanguinaria canadensis , Blood-root,. or Puccoon, has emetic 
and purgative properties. 

757. Order 12. — Famariaceae, the Fumitory Family. ( Polypet 
Bypog.) Sepals 2, deciduous. Petals 4, cruciate ; one or both of th^ 
two outer gibbous at the base, the two inner cohering at the apex. 
Stamens hypogynous, usually 6, diadelphous; anther of middle stamen 
of each parcel bilocular, outer ones unilocular. Ovary free, 1 -celled ; 
style filiform ; stigma with 2 or more points ; ovules amphitropal. 
Fruit either an achmnium, or a 1 -celled 2-seeded, or 2-valved manv- 
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seeded pod.# Seeds crested; albumen deshy; embryo minute, ex- 
centric — Herbaceous plants, with a watery juice, and alternate 
multifid leaves. Although at first sight very unlike the Poppy family, 
the Fumitories resemble this order in their deciduous sepals, in their 
^eeds, and, in many cases, in their fruit. The two outer unilocular 
stamens of each parcel may be considered as forming one perfect 
stamen, thus making the whole number four. They are found chiefly 
in northern temperate latitudes. Two are found at the Cape of Good 
Hope. They are usually scentless, and are said to be bitter and dia- 
phoretic in their properties. The tuber of Corydalis bulbosa has been 
used as a substitute for Birth worts in expelling intestinal worms, and as 
an emmenagogue. Lindley notices 15 genera, including 110 species. 
Examples — Fumaria, Corydalis, Diclytra. 

758. Order 13. — Crucifer**, the Cruciferous or Cresswort Family. 
Brassicacese of Lindley. (Polypet. Hyjjog.) Sepals 4, deciduous, the 
two lateral ones gibbous at the base. Petals 4, hypogynous, alternat- 
ing with the sepals, deciduous, cruciate (fig. 201). Stamens 6, tetra- 
dynamous (figs. 345, 565), two shorter solitary (fig. 5G5 e') f opposite 
the lateral sepals, occasionally toothed; four longer (fig. 565 e"), 
opposite the anterior and posterior sepals, generally free, sometimes 
partially united and furnished with a tooth on the inside ; anthers 
bilocular, introrse (fig. 564). Torus with green glands between the 
petals and stamens and ovary (fig. £H35 g). Ovary superior, with 
parietal placentas, which meet in the middle, forming a spurious dis- 
sepiment or replum (fig. 566 c) ; stigmas 2, opposite the placentas, or 
anterior and posterior (fig. 456 s). Fruit a siliqua (figs. 567, 568), 
or a silicula, rarely 1 -celled and indehiscent, usually spuriously 



Figs. 563-570 —-Organs of fructification of Erysimum lanceolatum, one of the Cruciferse. 

Fig. 563 — Diagram of the flower, showing the arrangement of four sepals, four petals alter- 
nating with them, six tetradynamous stamens, and a siliqua with replum. 

Fig. 564.— Vertical section of the flower, c, Calyx, p, Petals, e, Stamens, o, Ovary laid 
open. $, Stigma 

Fig 565— Flower deprived of its envelopes, c c, Cicatiices left by the fall of the sepals 
g , Glands which are situated at the base of the stamens, e', Two short stamens opposite lateral 
sepals e", Four Jong stamens opposite anterior and posterior sepals, p, Pistil. 

Fig. 566— Horizontal section of the ovary, g , Ovules, c. Spurious dissepiment or replum, 
which divides the ovary into two cavities. This replum is formed by the placentas. 
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2-celled and dehiscing by two valves, which separate £om the re- 
plum (figs. 456, 568), one or many- seeded. Seeds Campylotropous 
£09 (figs. 419, 524), pendulous, attached in a single 




row by a funiculus to each side of the placentas 
(fig. 568) ; perisperm none ; embryo with the 
radicle folded upon the cotyledons which are 
next the placenta (figs. 524, 569 r). — Herba- 
ceous plants seldom under shrubs, with alter- 
nate leaves, and yellow or white, rarely purple, 
flowers, without bracts. This order is well dis- 
tinguished by having tetradynainous stamens. 
Most of the plants belonging to the order are 
European. The species, however, are found 
scattered all over the world. De Candolle, 
in 1821, calculated that the species then known 


570 6G8 567 were distributed as follows : — 


In the frigid zone of the northern hemisphere. 
In all the tropics (chiefly mountainous parts) 


In the temperate zone, 


(of n oi thorn hemisphere 

\ of southern hemisphere.... 


..548 > 
. 80 I 


.205 
. 30 
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Lindley enumerates 173 genera, including 1600 species. Examples — 
Draba, Lepidium, Isatis, Brassica, Sinapis, Bunias, Senebiera, Schizo- 
petalon. 

759. The order has been subdivided into sections, according to the 

mode in which the radicle of the embryo is folded on the cotyledons, 
as well as according to the nature of the fruit. The suborders founded 
on the embryo are — 1. Pleurorhiz' j 3e {x'hev^y side, and pl^ot, root), 
0 = cotyledons accumbent, radicle lateral, i.e. applied to their edge 
(fig. 517). 2. Notorhizem (vZrov, back), 0 || cotyledons incumbent, 
radicle dorsal, i.e. applied to their back (fig. 518). 3. Orthoplocese 

(otfof , straight, and k*6xo;, a plait or fold), 077 cotyledons condupli- 
cate (folded), radicle dorsal (figs. 513, 570). 4. Spirolobese (ovet^ac, a 

coil, and xo/3 6g, a lobe), 0 || || cotyledons twice folded, radicle dorsal 
(fig. 515). 5. Diplecolobeae ( olg , twice, I fold or plait, and 

oV» a lobe), 0 || || || cotyledons three times folded, radicle dorsal. 

760. The divisions founded on the seed-vessel, are — 1. Siliquosce, 
a siliqua, linear or linear-lanceolate, valves opening longitudinally. 2. 
Latiseptae flatus, broad, and septum , partition), a silicula, partition in 
its broadest diameter, oval or oblong, valves flat or convex, opening 
longitudinally. 3 Angustiseptae ( angustus , narrow), a silicula, parti- 


ng. 567.— Siliqua or long pod. 

Fig. 568. — Siliqua with one of its valves removed, In order to show the seeds attached to the 
iplum. 



/, Funiculus or umbilical cord. . f, Spermoderm or 
c. Cotyledons. 

ty Spermoderm or testa, r, Radicle, c, Incumbent 
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tion in its narrow diameter, linear or lanceolate, valves opening longi- 
tudinally, folded and keeled. 4. Nucumentace© (: nucumentum , a nut), 
silicula, valves indistinct or indehiscent, often 1 -celled, from the 
absence of the replurn or partition. 5. Septulatse (septa, partitions), 
valves opening longitudinally, furnished with transverse partitions in 
their interior. 6. Lomentace© ( lomentum , an articulate legume), sili- 
qua or silicula, dividing transversely into single-seeded cells, the true 
siliqua being often barren and all the seeds placed in the beak. 

761. In this order there is a want of symmetry as regards the 
number of stamens, compared with the floral envelopes. 4 The two long 
stamens placed close together may, however, be looked upon as one 
divided by a process of deduplication, so that the actual number will 
thus be reduced to four. This view is confirmed by the shorter stamens 
having teeth on each side, while the longer ones are toothed on one 
side only. By pelorization, too, some Crucifer© become tetrandrous. 
While there is a splitting of the filaments, there is also the production 
of two additional anther-lobes. In regard to the fruit it has been 
stated, that normally there are four carpidia or carpels, two of which 
are constantly abortive. In some species of Iberis there have been 
seen four sepals, four petals, four stamens, and four carpels. Thus the 
floral type of Crucifer© is quaternary : calyx having four sepals, corolla 
four petals, receptacle four staminiferous glands, androecium four sta- 
mens, gynmeium four phyllidia, fruit four carpidia. 

762. There are no truly poisonous plants in the order. In general, 
it possesses antiscorbutic and stimulant qualities, with a certain degree 
of acridity. Many of the most common culinary vegetables belong to 
the order, such as Cabbages, Cauliflower, Turnip, Radish, Cress, Horse- 
radish, &c. They contain much sulphur and nitrogen, and, on this 
account, when decaying, give off a disagreeable odour. Many garden 
flowers, such as Wall-flower, Stock, Rocket, and Honesty, are found 
in this order. Brassica oleracea is the original species whence all the 
varieties of Cabbage, Cauliflower, Brocoli and Savoy s have been obtained 
by the art of the gardener. The part of the Cauliflower used as food 
is the deformed flower stalks. Brassica Rapa, is the common Turnip, 
while Brassica campeslris is the source of the Swedish Turnip. Brassica 
chmensis yields Shanghaeoil. Lepidivm sativum is the common Cress, 
and Raphanus sativus the Radish. Crambe maritima is the Sea-kale. 
The seeds of Sinapis nigra ( Brassica nigra of some), furnish table 
mustard. These contain a bland fixed oil, a peculiar bitter principle, 
myronic acid, and another principle analogous to albumen or emulsin, 
called myrosine. When water is added, the myronic acid and myro- 
sine, by their combination, form a pungent volatile oil, containing 
sulphur and nitrogen, which gives to mustard its peculiar properties 
as a physiological agent. Sinapis alba furnishes white mustard, which 
contains more fixed oil than black mustard. It does not, however, 
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contain myronic acid, but an analogous principle called sinapin, or 
ainapisin, which, by combination with another principle, forms an acrid 
compound, but not a volatile oil. The mustard of Scripture is not a 
species of Sinapis, but Salvadora pcrsxca , according to Royle, be- 
longing to the natural order Ckenopodiacece. Many other Cruciferous 
* plants yield volatile oils containing sulphur, and the seeds of many 
yield by expression a bland fixed oil, such as Rape-seed oil. CocMearia 
officinalis , common Scurvy-grass, is used as a stimulant. Cochlearia 
Armoracta , or Armoracia rusticana , the Horse-Radish, has irritant and 
even vesicant qualities. Anastalica hierochuntina , Rose of Jericho, is 
remarkable for the hygrometric property of the old withered annual 
stems, which are rolled up like a ball in dry weather, and drifted about 
by the winds in the deserts of Syria and Egypt. If rain falls, they 
resume their original direction. They thus continue for many year9 
to curl up and expand, according to the state of the atmosphere. The 
genus Schizopetalon is remarkable on account of its tetracotyledonous 
(having four cotyledons) embryo. Isatis tinctoria , Woad, when treated 
like Indigo, yields a blue dye. Isatis indigotica is the Tein-Ching, or 
Chinese Indigo. 

763. Order 14. — Cappari«iacci». the Caper Family. ( Polypet . Eypog.) 
Sepals 4, often more or less cohering (tig. 554 c). Petals 4, some- 
times 0, cruciate (fig. 554, p), usually unguiculate and unequal. Sta- 
mens hypogynous, 4, 6 (fig. 554 c), or 00, but in general some high 
multiple of four, placed on an elongated hemispherical and often 
glandular torus (fig. 554 a g'). Ovary usually stalked (fig. 554 o) ; 
styles filiform, sometimes 0 ; ovules curved. Fruit unilocular, siliquse- 
form and dehiscent, or fleshy and indehiscent, rarely monospermous, 
usually with two polyspermous placentas. Seeds generally reniform and 
exalbuminous ; embryo curved ; cotyledons foliaceous, flattish. — Herbs, 
shrubs, sometimes trees, with alternate, stalked, undivided, or palmate 
leaves, which are either exstipulate or have spines at their base. 
Oapparids may be distinguished from Crucifers by their stamens being 
often indefinite, or, if definite, scarcely ever tetradynamous, while their 
seeds are generally reniform. They are found chiefly in warm countries, 
and are abundant in Africa. There are 28 genera, and 340 species. 
The order is divided into two suborders: — 1. Cleomeae, with capsular 
fruit. 2. Capparese, with baccate fruit. Examples — Cleome, Capparis. 

764. The plants of this order have stimulant qualities. The flower- 
buds of Capparis spinosa furnish capers. The plant is a native of the 
south of Europe. It, or C. cegyptiaca , is the Hyssop (Siftf) of 
Scripture. Some species of Cleome and Polanisia are very pungent, 
and are used as substitutes for mustard. The pungency of some is so 
great that titey act as blisters. The root of Cleome dodecandra is used 
as aniuflhe&intic. 

76$, Order 15.— Betedace»» the Mignonette Family. ( Polypet . 
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Hypog,) Calyx many-parted. Petals 4-6, unequal, entire, or lacerated, 
in the latter case consisting of a broad scale-like claw with a much- 
divided limb. Stamens 10-24, bypogynous, attached to a glandular 
torus; filaments variously united; anthers bilocular, innate, with 
longitudinal dehiscence. Ovary sessile, 8-lobed, 1-celled, multiovular, 
with 3-G parietal placentas; stigmas 3. Fruit either a unilocular 
many-seeded capsule, opening at the apex so as to render the seeds 
seminude (fig. 479), or 3-G few-seeded follicles. Seeds reniform, 
usually exalbuminous ; embryo curved ; radicle superior ; cotyledons 
fleshy. — Herbaceous plants, rarely shrubs, with alternate, entire, or 
divided leaves, having gland-like stipules. They irjhabit chiefly Europe 
and the adjoining parts of Asia. A few are found in the north of 
India and south of Africa. The uses of the order are unimportant. 
Reseda Luteola , Weld, yields a yellow dye. Reseda odorata is the 
fragrant Mignonette. The Mignonette is rendered suffruticose, by 
preventing the development of its blossoms. This is the origin of the 
tree Mignonette, which is much cultivated in France. There are 6 
known ’genera, and 41 species, according to Lindley. Example 
— Reseda. 

766. Order 16. — Fiacouriiaccue, the Arnotto Family. ( Polypet . Hy- 
pog,) Sepals 4-7, slightly cohering. Petals equal to and alternating 
with the sepals, or wanting. Stamens hypogynous, equal in number 
to the petals, or some multiple of them. Ovary roundish, sessile, or 
slightly stalked ; style either none or filiform ; stigmas several, more 
or less distinct; ovules attached to parietal placentas, which some- 
times branch all over the inner surface of the valves. Fruit 1-celled, 
containing a thin pulp, either fleshy and indehiscent, or capsular with 
4 or 5 valves. Seeds numerous, enveloped in a covering formed by 
the withered pulp ; albumen fleshy, somewhat oily ; embryo axile, 
straight; radicle turned towards the hilum ; cotyledons flat, foliaceous. 
— Shrubs or small trees, with alternate, simple, usually exstipulate 
leaves, which are often dotted. The plants are chiefly natives of the 
warmest parts of the East and West Indies, and of Africa. The order 
is divided into two sections: — 1. Flacourtieae, having the placentas 
ramifying over the inner surface of the fruit. 2. Bixese, placentas 
narrow, and running in lines along the parietes. Many of the plants 
yield edible fruits. The pulp is often sweet and wholesome. Some 
are astringent, others purgative. The reddish pulp surrounding the 
seeds of Bvxa orellana supplies the substance called arnotto, which is 
used for yielding a red colour, and for staining cheese. Martius says 
that the seeds are cordial, astringent and febrifugal. There are 31 
genera, and 85 species, according to Lindley. Examples — Patrisia, 
Flacourtia, Prockia, Erythrospermum, Bixa. 

767. Order 17. — Ci*:ace«, the Rock-Rose Family. (Polypet, Hypog,) 
Sepals usually 5, persistent, unequal, the three inner with contorted 

B 2 



378 


V^OLACE^. 


aestivation. Petals 5, caducous, hypogynous, aestivation corrugated, 
and twisted in an opposite direction to that of the sepals. Stamens 
usually 00, free, hypogynous ; anthers 2-celled, adnate. Ovary syn- 
carpous, 1- or many-celled; style single; stigma simple. Fruit cap- 
sular, 3-5-1 0-valved, either 1 -celled or imperfectly 5-10-celled, with 
loculicidal dehiscence. Seeds usually indefinite; embryo inverted, 
either spiral or curved, in the midst of mealy albumen ; radicle remote 
from the hilum. — Shrubs or herbaceous plants with entire, opposite, 
or alternate, stipulate or exstipulate leaves. They inhabit chiefly the 
southern regions of Europe, and the north of Africa. Some of the 
species are remarkable for the irritability of their stamens (% 665). 
Many of them yiel8 a resinous balsamic juice, which imparts viscidity 
to the branches. The resinous matter called ladanum or labdanum, 
is yielded by Cistus cretievs . There are 7 known genera, and 185 
species, according to Lindley. Examples — Cistus, Helianthemum, 
Lechea. 

768. Order 18. — Tioinccsp, the Violet Family. ( Polypet . Hypog.) 
Sepals 5, persistent usually elongated at the base, aestivation imbri- 
cated. Petals 5, hypogynous, equal or unequal, generally withering, 
aestivation obliquely convolute. Stamens 5, alternate with the petals, 
sometimes opposite to them, inserted on a hypogynous torus ; anthers 
dithecal, introrse, often cohering, with a prolonged connective some- 
times spurred (fig. 343) ; filaments dilated, two of them in the irre- 
gular flowers having an appendage at their base. Ovary unilocular, 
with many (rarely one) anatropal ovules ; style single, usually decim- 
ate, with an oblique hooded stigma (fig. 390, 1 s). Fruit a 3-valved 
capsule, dehiscence loculicidal, placentas on the middle of the valves 
(fig. 390). Seeds 00 or definite ; embryo straight, erect, in the axis of 
a fleshy perisperm. — Herbs or shrubs, with alternate, rarely opposite, 
leaves, having persistent stipules, and an involute vernation. They 
are natives of Europe, Asia, and America. The herbaceous species 
inhabit chiefly the temperate parts of the northern hemisphere, while 
the shrubby species are found in South America and India. They 
have been divided into two suborders: — 1, Violese, with irregular 
flowers. 2. Alsodea?, with regular flowers. Their distinctive pecu- 
liarity may be regauled as re:- ting in their definite stamens, whose an- 
thers turn inwards, and extend their connective into a crest. There 
are 14 known genera, and 315 species. Examples — Viola, Ionidium, 
Aisodeia. 

769. They are distinguished by the emetic properties of their roots, 
which contain an active principle called violine, similar in its qualities 
to emetin. Some species of Ionidium are used in South America as 
substitutes for Ipecacuan. The roots of Viola odorata , the Sweet or 
March Violet, the 7ov of the Greeks, have been used medicinally as an 
emetic; th^etals are laxative, and are used in the form of infu- 
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sion mixed with sugar ; and a violet or purple colouring matter is 
procured from them, which is employed as a test for acids and 
alkalies, being changed into red by the former, and into green by the 
latter. Viola tricolor , Hearts-ease, and other species, have been used 
as demulcent expectorants. F. tncolor is the origin of all the culti- 
vated varieties of pansy. 

770. Order 19. — Droieraccte, the Sundew Family. ( Polypet . 

Hypog). Sepals 5, persistent, equal , aestivation imbricated. Petals 1 
5, hypogynous. Stamens free, withering, alternate with the petals, or 
10 or more; anthers bilocular, with longitudinal dehiscence. Ovary 
single ; styles usually 3-5, sometimes 1 or wanting. Fruit, a uni- 
locular or spuriously trilocular capsule, 3-5-valved, with loculicidal 
dehiscence, occasionally indehiscent. Seeds numerous, either al- 
buminous or exalbuminous ; embryo minute and erect. — Herbaceous 
plants with alternate leaves, usually inhabiting marshy places. They 
are found in various parts of the world, in Europe, North and South 
America, China, East Indies, &c. The order has been divided into 
two sections : — 1. Droserese, styles 3-5, albumen present, leaves with 
a circinate vernation, and furnished with glandular hairs ; stipules in 
the form of fringes. 2. Parnassleae, some of the stamens sterile ; 
style 1 or none ; no albumen nor glandular hairs. There are 8 
known genera, and upwards of 90 species. Examples — Drosera, 

Aldrovanda, Dionaea, Parnassia. 

771. The Droseras have a more or less acid taste, combined with 
slight acridity. Some of them are said to be poisonous to cattle. 
Their leaves are furnished with glandular capitate hairs, which are 
covered with drops of fluid in sunshine ; hence the name Sundew or 
Eos solis. An Italian liqueur, called Rossoli, derives its name from a 
Drosera used in its manufacture. Some of the Droseras have dyeing 
properties. iSioncea mitscipida , Venus’s fly-trap, is a North American 
plant, having the laminae of the leaves in two halves, each furnished 
with three irritable hairs, which, on being touched, cause the folding 
of the divisions in an upward direction (fig. 186, f 664). Aldrovan - 
dra vesiculosa , an aquatic found in the South of Europe, is dis- 
tinguished by its whorled cellular leaves, or floating bladders. Par- 
nassia palustris , Grass of Parnassus, has remarkable gland-like bodies 
between the stamens (fig. 304). These aie probably an abortive 
state of the staminal organs. Lindley looks upon them as bundles of 
stamens, and places the genus among Hypericaceae. The stamens of 
Parnassia are irritable, and move towards the pistil in succession 
(f 665). 

772. Order 20.— Poiygaiacea, the Milkwort Family. {Polypet. 
Hypog.) Sepals 5, very irregular, distinct ; 3 exterior, of which 1 is 
superior, and 2 inferior ; 2 interior, usually petaloid, lateral ; aesti- 
vation imbricated. Petals hypogynous, unequal, usually 3, of which 
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1 is anterior, and larger than the rest, and 2 are alternate with the 
upper and lateral sepals ; sometimes there are 5 petals, 2 of them 
very minute; the anterior petal, called the keel, is often crested. 
Stamens hypogynous, 8, monadelphous or diadelphous ; anthers cla- 
vate, usually 1 -celled, and having porous dehiscence. Ovary mostly 
bilocular ; ovules solitary, rarely 2 ; style simple, curved ; stigma 
simple. Fruit dehiscing in a loculicidal manner, or indehiscent. 
Seeds pendulous* anatropal, strophiolate at the liilum ; albumen 
fleshy ; embryo straight. — Shrubs or herbs with alternate or opposite 
exstipulate leaves. They are found in all quarters of the globe. 
Lindley mentions 19 genera, including 495 species. Examples — 
Polygala, Securidaca, Krameria. 

773. In the appearance of their flowers, the plants of this order 
have a resemblance to Papilionaceae. They are distinguished, how- 
ever, by the odd petal being inferior, and the sepal superior. They 
are generally bitter, and their roots yield a milky juice. Polygala 
Senega , Snake-root, is a North American species, the root of which is 
used medicinally, in large doses, as emetic and cathartic ; and in 
small doses as a stimulant, sudorific, expectorant, and sialagogue. 
It contains an acrid principle, called polygalin, senegin, and polygalic 
acid. The name of Snake-root was given from its supposed use as an 
antidote to the bite of the rattle-snake. Krameria triandra 1 a Per- 
uvian plant, furnishes Rhatany-root, which is employed as a powerful 
and pure astringent in cases of hemorrhage, and chronic mucous 
discharges. Its infusion is of a blood-red colour, and has been em- 
ployed to adulterate port wine. 

774. Order 21. — Tremamiracew, the Porewort family. ( Polypet . 
Hypog. ) Sepals 4-5, slightly coherent, deciduous, with a valvate 
aestivation. Petals 4-5, deciduous, with an involute aestivation. 
Stamens hypogynous, distinct, 8-10, 2 before each petal ; anther di- 
or tetra-thecal, with porous dehiscence (fig. 324). Ovary bilocular, 
with 1-3 pendulous ovules in each cell ; style, 1 ; stigmas 1-2. Fruit 
a 2-celled, 2-valved capsule, with loculicidal dehiscence. Seeds ana- 
tropal, pendulous, with a caruncula at the apex ; embryo cylindrical, 
straight, in the axis of fleshy albumen. — Heath-like shrubs, with 
hairs usually glandular, alternate or verticillate exstipulate leaves, 
and solitary axillary 1 -flowered pedicels. They are natives of New 
Holland. Nothing is known regarding their properties. Lindley 
mentions 3 genera, including 16 species. Examples — Tetratheca, 
Tremandra. 

775. Order 22. — Tamnricacese, the Tamarisk Family. ( PolypGt . 
Jlypog.) Calyx 4-5 partite, persistent, with imbricated aestivation. 
Petals 4-5, hypogynous, or perhaps inserted at the base of the calyx, 
marcescent, with imbricated aestivation. Stamens hypogynous, free or 
mo^lelphous (fig. 311), equal to the petals in number, or twice as 
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many ; anthers ditheca], mtrorse, with longitudinal dehiscence. Ovary 
unilocular; styles, 3. Fruit a 3-valved, 1 -celled capsule, with loeuli- 
cidal dehiscence. Seeds numerous, anatropal, erect or ascending, 
coraose ; albumen 0 ; embryo straight, with the radicle next the hilum. 
— Shrubs or herbs, with alternate scale-like leaves, and racemose or 
spiked flowers. They abound in the Mediterranean region, and are 
confined chiefly to the eastern half of the northern hemisphere. Many 
are found in the vicinity of the sea. They have a bitter astringent 
bark, and some of them yield a quantity of sulphate of soda when 
burned. The saccharine substance called Mount Sinai Manna, is 
yielded by Tamarix mannifera. Lindley mentions 3 genera, com- 
prising 43 known species. Examples — Tamarix, Myricaria. 

776. Order 23. — Frankenincc®, the Frankenia Family. ( Polypet . 
Hypog.) Sepals 4-5, cohering into a tube, persistent. Petals 4-5, 
alternate with the sepals, liypogynous. Stamens hypogynous, equal in 
number to the petals, and alternate with them, sometimes more numer- 
ous ; anthers bilocular, with longitudinal dehiscence. Ovary unilocu- 
lar, with parietal placentas ; style filiform, often trifid. Fruit a 1 -celled, 
usually 3-valved capsule, with septicidal dehiscence. This latter dis- 
tinguishes them from the Violet-worts to which they are allied. Seeds 
very minute, numerous, anatropal ; embryo straight, in the axis of 
fleshy albumen. — Herbs or undershrubs, with opposite exstipulate 
leaves. They are found chiefly in the southern parts of Europe, and 
in the north of Africa. Two species are natives of the Cape of Good 
Hope, one of South America, four of New Holland, and three of 
temperate Asia. None have been found in tropical India, or North 
America. They are said to have mucilaginous and slightly aromatic 
properties. Genera, 4 ; species, 24. Example — Frankenia. 

777. Order 24. — Eiathmccor, the Water-pepper Family. ( Polypet 
Hypog-) Sepals 3-5, free, or slightly coherent at the base. Petals 
alternate with the sepals, hypogynous. Stamens hypogynous, equal 
to, or twice as many as, the petals. Ovary tri-quin quelocular ; styles 
3-5 ; stigmas, capitate. Fruit capsular, 3-5-celled, 3-5-valved, loculi- 
cidal ; placenta central. Seeds 00, exalbuminous, anatropal ; embryo 
cylindrical and slightly curved. — Annual marsh plants, with hollow 
creeping stems, and opposite stipulate leaves. They are found in all 
parts of the globe. Some of them have acridity, and hence the name 
Water-pepper. Genera 6, and species 22, according to Lindley. 
The Elatines are natives of Europe and Asia, Bergias of the Cape of 
Good Hope and the East Indies, Merimea of South America, and 
Tetradiclis of the Syrian region. Examples— Elatine, Bergia, 
Merimea, Tetradiclis. 

778. Order 25. — Carrophyiioce®, the Chickweed Family. (Polypet* 
Hypog,) Sepals 4-5 (fig. 57J), free (fig. 269), or united in a tube 
(figs. 290 c, 553 c), persistent. Petals 4-5 (fig. 571), hypogynous, 
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unguiculate (fig. 281), often bifid or bipartite (fig. 283), occasionally 
0. Stamens (fig. 572 e) usually double the number of the petals, or, 
if equal, usually alternate with them ; filaments subulate, sometimes 
united; anthers innate, bilocular, dehiscence longitudinal. Ovary 
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single, often stalked or supported on a gynophore (fig 553 g\ composed 
of 2 to 5 carpels, which are usually united by their edges, but some- 
times the edges are turned inwards, so as to form partial dissepiments ; 
stigmas 2-5 (fig. 391 s), with papillae on their inner surface (fig. 572 s). 
Capsule unilocular (figs. 391, 574, 2), or imperfectly bi-quinquelocular 
(fig. 573), 2-5 valved, opening either by valves, or more commonly 
by twice as many teeth as stigmas (figs. 444, 574) ; placenta in the 
axis of the fruit (figs. 391, 574, 2, p). Seeds usually 00, amphitropal 
with mealy albumen, and a peripherical embryo (fig. 575). — Herbs, 
sometimes suffruticose plants, with opposite, entire, exstipulate, some- 
times connate leaves, and usually cymose inflorescence (figs. 249, 250.) 


Fig. 571-575 —Illustrations of the natural order Caryophyllaceae. 

Fig. 571. — Diagram of the flower of Alsine media, common duckweed, belonging to the 
natural order Car >ophyllaeca\ suborder Alsineae. The flower consists of five imbricate sepals, 
live alternate petals, five stamens, a unilocular ovary, with a free central placenta, and numer- 
ous ovules. 

572. — Section of the flower of Dianthus Caryopliyllus, Carnation, c. Calyx ; p , petals, 
cohering with the stamens at the base; e, stamens; < 7 , gynophore or thecaphore, t.e. tlie stalk 
•upporting the ovary; 0 , ovary with ceatial placenta and ovules; &, two stigmas, which are 
papillose all along their inner surface. 

Fig. 573 —Horizontal section of the ovary in a very young state, showing the partitions, c c, 
which divide the ovary into two cavities. These divisions ultimately disappear, leaving the 
placenta, », bearing the ovules free in the centre 

Fig. 574.— Capsule of Lychnis Gitlmgo at the period of dehiscence, when the pericarp separates 
into five valves at the summit, 1 . The capsule entire 2. Capsule cut vertically, to show the 
seeds, g, grouped In a mass, on a free central placenta, p. 

**lg. 575.— Seeds. 1 Entire seed. 2 Seed cut vertically, Spermoderm, c, Peripherical 
fcryo, surrounding the mealy perispemi, p. 
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They inhabit chiefly temperate and cold regions. According to the 
calculation of Humboldt, Cloveworts constitute of the flowering 
plants of France, of Germany, ^ of Lapland, and ^ of North' 
America. Those found within the tropics are usually met with on 
high elevations and mountainous tracts, many of them exclusively 
vegetate in regions of the lowest temperature. The order has been 
divided into three suborders: — 1. Alsineso, sepals distinct (fig, 269), 
and opposite the stamens, when the flowers are isostemonous. 2. 
Sileneae, sepals cohering in a tube (fig. 290 c), opposite the stamens, 
when the flowers are isostemonous. 3. Molluginese, sepals distinct or 
nearly so, alternate with the stamens, when isostemonous. Lindley 
mentions 53 genera, and 1055 species. Examples — Alsine, Cerastium, 
Dianthus, Silene, Mollugo. 

779. The plants of this order are usually insipid, but according to 
Malapert and Bonnet, some are poisonous. The poisonous quality is 
attributed by them to the principle called Saponine, which exists in 
many of the species of Saponaria, Silene , Lychnis , and Dianthus. 
To Saponine, also, is due the saponaceous or soap-like properties of 
the plants, llonfceneja peploides has been used as a pickle. In Iceland 
it serves as an article of food. The greater part of the plants of the 
order are weeds, but some are showy garden flowers. To the latter 
may be referred all the varieties of Dianthus Caryophyllus , Clove-pink 
or Carnation, Picotees, Bizarres, and Flakes, numerous species of 
Pink, Campion, &c. The varieties of Carnation depend on the mode 
in which the coloured stripes or dots are arranged on the petals, 
and the entire or serrated appearance of their edges. The formation 
of the placenta in the Caryophyllaceae has given rise to much dis- 
cussion, some looking upon it as a marginal, others as an axile for- 
mation (If 443). 

780. Order 26. — vivianiace*, the Yiviania Family. (Polypet. Hypog.) 
Sepals 5, united. Petals 5, hypogynous, unguiculate, persistent, with 
twisted aestivation. Stamens 10, hypogynous; filaments free; anthers 
bilocular, opening longitudinally. Ovary free, 3-celled; stigmas 3. 
Capsule 3-celled, 3-valved, loculicidal ; seeds, 2 in each cell, with a 
curved embryo lying among fleshy albumen. — Herbaceous or sufifruti- 
cose plants, with opposite or verticillate exstipulate leaves. All the 
members of this order which have yet been discovered inhabit Chili 
and South Brazil. They have no properties of importance. Genera, 4 ; 
species, 15. Examples — Yiviania, Cresarea. 

781. Order 27. — itiairace®, the Mallow Family. (Polypet. Hypog.) 
Sepals 5 (fig. 577), rarely 3 or 4, more or less coliering at the base 
(fig. 274 c), with a valvate aestivation (fig. 263), often bearing an external 
calyx (epicalyx) or involucre (fig. 274 h). Petals equal m number to 
the sepals; aestivation twisted (fig. 264). Stamens 00 (fig. 578 a), 
hypogynous, all perfect; filaments monadelphous (fig. 578 t) or 
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polyadelphous (fig. 551); anthers monothecal (fig. 828), reniform 
(fig. 579)) with transverse dehiscence. Ovary formed by tjie uuiau 
•of several carpels round a common axis (figs. 452, 580), either distinct 
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or cohering; styles as many as the carpels (fig. 578 s), united or free. 
Fruit capsular or baccate ; carpels one or many-seeded, sometimes 
closely united, at other times separate or separable (figs. 883, 580) ; 
dehiscence loculicidal (fig. 449), or septicidal. Seeds amphitropal or 
semi-anatropal ; albumen 0, or in very small quantity; embryo 
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576-584 —Organs of fructification of Malva sylvestris, to lUostrate the natural order 
Matrace®, 

Fig. 576 —Flower viewed from above, with its five petals, monadclphous stamens, peduncle or 
Hewer-Stalk, and two stipules, s. 

fto.577,— Diagram of the flower, showing the different whorls or verticils; five valvate or in- 
dmraeate sepals, five twisted petals, indefinite monadelphous stamens, and united carpels. 

Fig. 578.— Vertical section of the flowei t, Caliculus, epi calyx, or involucre ; c, calyx ; p, petals; 
(, ttibeof monadelphous stamens, forming an arch above the ovary, <?, and united at the base 
to Urn petals ; a, anthers at the summit of the filaments, free ; s, styles free at the summit, united 
below. 
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carved (fig. 58B) ; cotyledons twisted or doubled (fig: 584). — Herba- " 
ceous plants, trees or shrubs, with alternate stipulate leaves (fig. 57G a), 
more or less divided, and often with stellate hairs (fig. 82). They are * 
found chiefly in tropical countries, and in the warm parts of the tem- 
perate zone. This family is closely related to the Sterculiads, includ- 
ing which they have been calculated to form jftr of the flowering plants 
in Sicily, in France, in Sweden In Lapland they are un- 
known. They form T \ j of those plants met with in temperate parts* of 
North America, in the equinoctial parts of the same continent ; 
taking into account the vegetation of the valleys, they, according to 
Humboldt, form ^ of the flowering plants in the tropics, in the 
temperate zone, and are not found in the frigid zone. Lindley enume*- 
rates 37 genera, including 1,000 species. The order has been divided 
into three tribes : — 1. Malvern, an involucre present ; fruit apocarpous 
or separable. 2. Ilibisceae, an involucre ; fruit synearpous. 3. Side®, 
no involucre; fruit either apocarpous or synearpous. Example t — - 
Lavatera, Malva, Hibiscus, Sida. 

782. The plants of the order are all wholesome, and yield mucilage 
in large quantity. Some furnish materials for cordage, others supply 
cotton. Malva sylve&tris , Common Mallow, and Althcea officinalis 
Marsh Mallow, are employed medicinally, as demulcents and emol- 
lients. The latter is the Guimauve of the French. The flowers of 
Althcea rosea , the Hollyhock, are officinal in Greece for similar pur- 
poses; the plant also yields fibres and a blue dye. The petals 
of Malva Alcca , and Hibiscus Rosa-sinensis, possess astringent pro- 
perties ; the Chinese make use of them to blacken their eyebrow* 
and the leather <jf their shoes. The flowers of Abutilon esculentum , 
and the fruit of Abclmoschus esculentus , called Ochro, are used as 
articles of food. Hibiscus cannabinus is the source whence sun-hemp 
is procured in India. Other species of Hibiscus as well as Pavitium 
tihaceum yield useful fibres. The bark of Paritium datum furnishes 
Cuba Bast. Cotton is composed of the hairs surrounding the seeds 
of various species of Gossypium. These hairs, when dry, exhibit 
under the microscope a peculiar twisted appearance. Gossypium 
barbadense seems to be the species which yields the best cotton; 
the Sea-Island, New Orleans, and Georgian cotton being produced 
by varieties of it Gossypium peruvianum or acuminatum furnishes 
the South American cotton ; Gossypium herbaceum , the common 
cotton of India. G. arboreum is the Indian-tree cotton. The 
Chinese Nankin cotton is furnished bv a variety of G. herbaceum . 
ibe quality of cotton-wool depends on the length, strength, and firm- 
ness of the tissue, or, as it is culled, the staple. These essential attri- 
butes are modified by the cleanliness and the colour. Long-stapjiwi 
cottons are generally used for the twist or warp, and short-stapled tor 
the weft. The value of cotton varies not only according to the specie^ 
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but also according to the naturfe of the climate in which it grows. 
The total import of Cotton into Britain in 1850 was upwards of 928 
mtflions of pounds. The seeds of the cotton-plants yield oil which 
has been used for lamps ; when bruised they are employed for oil 
cake. * 

783. Order 28.-— »!ercniiaccre, the Sterculia and Silk-cotton Family. 
( Poly pet. Hypog,) Calyx of 5, more or less united, sepals, often sur- 
rounded by an involucre; aestivation usually valvate. Petals 5 or 
none, hypogynous, aestivation twisted. Stamens usually co ; their 
filaments variously united ; anthers 2-celled, extrorse. Pistil of 5 
(rarely 3) carpels, either distinct or cohering; styles equal in number 
to the carpels, free or cohering; ovules orthotropal (fig. 523) or ana- 
tropal. Fruit capsular, usually with 5 cells, or follicular or suc- 
culent. Seeds often with a woolly covering ; with a fleshy or oily 
perisperm (rarely 0), and either a straight or a curved embryo ; 
cotyledons leafy or thick, plaited or rolled round the plumule. — 
Trees or shrubs, with alternate leaves, which are either simple or 
compound, deciduous stipules, and often a stellate pubescence. They 
are distinguished frpm Malvaceae by their dithecal extrorse anthers. 
They inhabit warm climates. The order has been divided into the 
following sections : — 1. Bombacetc, with hermaphrodite flowers and 
palmate or digitate leaves ; found most abundantly in America. 
2. Helicterese, with hermaphrodite flowers and simple leaves ; appa- 
rently unknown in Africa. 3. Sterculieae, with unisexual dowers, 
and either simple or palmate leaves ; chiefly in India and Africa. 
Findley mentions 34 genera, including 3 25 species. Examples — 
Bombax, Helicteres, Sterculia. 

784. The plants are mucilaginous and demulcent ; many are used 
for food, others supply a material like cotton. The silky hairs sur- 
rounding the seeds of Bombax Ceiba , the Silk-cotton tree, are used for 
stuffing cushions and chairs, and for various other domestic purposes. 
They cannot be manufactured, in consequence of no adhesion existing 
between the hairs. The trunk of the tree is made into canoes. Adan- 
sonia digitata , the Baobab tree of Senegal, or monkey-bread, is one of 
the largest known trees. Its trunk sometimes attains a diameter of 
thirty feet, while its height is by no means in proportion. The pulp 
of its fruit (amphisarca) is used as an article of food. It is emollient 
and mucilaginous in all its parts. The dried leaves when powdered 
constitute lalo, a favourite article with the Africans, which they mix 
with their food for the purpose of diminishing the excessive perspira- 
tion to which in those climates they are subject. It is found by 
Europeans to be most serviceable in cases of diarrhoea, fevers, and 
other maladies. Durio zibethinus furnishes the fruit called Durian in 
the Indian Archipelago. The fruit is much prized, although it has a 
foetid ^our, which has given rise to the name Civet Durian. Ckeiros- 
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temon platanotdes is callet! the Hand-plant of Mexico, on account of its 
five peculiarly curved anthers, which resemble a claw. Helicteres 
(from helix , a snail) is so named on account of its twisted trait. The 
Kola, mentioned by African travellers as being used to sweeten water, 
is the seed of Sterculia tomentosa or acuminata . 

785. Order 29. — Byitneraace®, the Byttneria and Chocolate Family. 
( Polypet . Hypog.) Calyx 4-5 lobed, valvate in eestivation (fig. 201 c). 
Petals 4-5 or 0, often elongated at the apex, with a twisted or indu- 
plicate aestivation (fig. 261 p). Stamens hypogynous, either equal in 
number to the petals, or some multiple of them, more or less mona- 
delphous, some of them sterile ; anthers bilocular, introrse. Ovary 
free, composed usually of 4-10 carpels arranged round a central column; 
styles terminal, as many as the carpels, free or united ; ovules 2 in each 
loculament. Fruit capsular, either with loculicidal dehiscence, or the 
carpels separating from each other. Seeds anatropal, often wdnged; 
embryo straight or curved, lying usually in fleshy albumen ; cotyledons 
either plaited or rolled up spirally. — Trees, shrubs or undershrubs, 
with alternate leaves, having either deciduous stipules, or 0, and stel- 
late or forked hairs. They abound in tropical climates. Lindley 
enumerates 45 genera, embracing 400 species. Byttneriads are often 
united with Sterculiads, from which they are distinguished by their 
slightly monadelphous stamens, and anthers turned inwards. Their 
two-celled anthers and not columnar stamens distinguish them from 
Mallow- worts. The order has been divided into six suborders founded 
on the following genera : Examples — Lasiopetalum, Byttneria, Her- 
mannia, Dombeya, Eriolsena, and Philippodendron. 

786. r Ihe plants abound in mucilage, and many yield cordage. 
The seeds of Thcobroma Cacao are called Cacao-beans, and are the 
chief ingredient in chocolate, which contains also sugar, arnotto, vanilla, 
and cinnamon. The seeds by pressure yield a fatty oil, called Batter 
of Cacao. They contain a crystalline principle analogous to caffeine, 
called Theobromine. The Cocoa of the shops consists generally of the 
roasted beans, and sometimes of the roasted integuments of the beans, 
ground to powder. 

787. Order 30. — Tiiiace®, the Lime-tree Family. (Poly pet Hypog,) 
Sepals 4-5, with a valvate aestivation. Petals 4-5, entire, rarely want- 
ing. Stamens hypogynous, free, or united by the enlarged border of the 
stalk of the pistil (fig. 316, 1, 2), usually oc ; anthers 2-celled, dehiscing 
longitudinally or by pores, occasionally some abortive (fig. 316, 2). 
Disk often large ahd glandular. Ovary solitary, formed by the union 
of 2-10 carpels ; style 1 ; stigmas as many as the carpels. Fruit dry 
or pulpy, either multilocular with numerous seeds, or by abortion uni- 
locular and 1 -seeded. Seeds anatropal ; embryo erect in the axis of 
fleshy albumen, with flat, leafy cotyledons (fig. 510). — Trees or shrubs, 
rarefy herbaceous plants, with alternate stipulate leaves (fig. 195). 
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The principal part of the order is found within the tropics lorming 
weed-like plants, or shrubs, or trees, with handsome, usually white or 
pink flowers. A small number are peculiar to the northern parts of 
either hemisphere, where they form timber trees. The order has been 
divided into two sections: — 1. Tiliese, with entire petals or 0, and 
anthers dehiscing longitudinally. 2. Elasocarpese, with lacerated petals, 
and anthers opening at the apex. Lindley enumerates 35 genera, in- 
cluding 350 species. Examples — Tilia, Corchorus, Grewia, Aristo- 
telia, Elaeocarpus. 

788. The plants possess mucilaginous properties, and many of them 
furnish excellent materials for cordage. The fruit of some is edible. 
From the gummy matter they contain, some have been employed as 
demulcents. The inner bark, the bast or bass, of the Linden or Lime- 
tree ( Tilia Europcea ), is tough and fibrous, and from it are manufactured 
Russian mats. The bark of Luhea gnmdijfora is used in Brazil for 
tanning leather. An infusion of the flowers is used on the continent 
as an antispasmodic and expectorant. Corchorus capsularis in India 
furnishes Jute used for coarse carpets and gunny bags. The leaves 
of Corchorus ohtorius , Jew’s-mallow, are used as a culinary vegetable. 
C. pf/nformis yields fibres in Japan. 

789. Order 31.— iMpterocarpacea;, the Sumatra-Camphor Family. 
( Polpet . Hypog.) Calyx tubular, 5-lobed, unequal, naked, persistent, 
and afterwards enlarged, witli an imbricated aestivation. Petals hypo- 
gynous, sessile, often combined at the base, with a twisted aestivation. 
Stamens indefinite, hypogynous ; filaments dilated at the base, either 
distinct or irregularly cohering ; anthers innate, bilocular, subulate, 
opening by terminal fissures. Torus not enlarged in a disk-like man- 
ner. Ovary superior, 3-celled ; ovules in pairs, pendulous; style and 
stigma simple. Fruit coriaceous, unilocular by abortion, 3-valved or 
indehiscent, surrounded by the calyx, which is prolonged in the form 
of long wing-like lobes. Seed solitary, exalbuminous ; cotyledons often 
twisted and crfimpled ; radicle superior. — Trees with alternate leaves, 
having an involute vernation, and deciduous convolute stipules. They 
are found in India and especially in the eastern islands of the Indian 
Archipelago, where, according to Blume, they form the largest trees 
of the forest. . There are about 8 known genera, including 48 species. 
Examples Dipterocarpus, Vateria, Dryobalanops. 

790. The trees belonging to this order are handsome and ornamen- 
tal, and they abound in resinous juice. A kind of Camphor is pro- 
cured in Sumatra from Dryobalanops Camphor a or aromatica . It is 
secreted in crystalline masses naturally into cavities in the wood. It 
is less volatile than the common camphor of commerce. It supplies 
this camphor only after attaining a considerable age. In its young 
state it yields on incision a pale yellow liquid, called the liquid cam- 
phor of Bqpjieo and Sumatra, which consists of resin and a volatile oil 
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having a camphoraceous odour, fndian copal, or Gum animi of com 
merce, is the inspissated varnish got from Vateria Indica . The fruii 
of this tree yields to boiling water the celebrated butter of Canara, o] 
Pinei tallow. Various species of Dipterocarpus yield a substance like 
Balsam of Copaiva. D. turbinatus yields wood-oil. 

791. Order 32. — ChUenace®, the Chlsenad Family. ( Pohjpet . Hygog .' 
Involucre 1-2- flowered, persistent. Sepals 3, small. Petals 5-6 
hypogynous, sometimes combined at the base where they are broader 
Stamens 10, or indefinite; filaments cohering at the base, and united 
to the base of the petals ; anthers roundish, free or united, bilocular. 
Ovary single, trilocular; style 1, filiform; stigma trifid. Capsuk 
3-celled, or by abortion 1 -celled. Seeds solitary or numerous, sus- 
pended, attached to a central placenta ; embryo in the axis of fleshy 
or horny albumen; cotyledons* leafy, undulated. — Trees or shrubs, 
with alternate stipulate leaves, found in Madagascar. Their proper- 
ties are unknown. There are four genera enumerated, including pro- 
bably about 8 or 10 species. Examples — Sarcolsena, Leptoleena. 

792. Order 33. — Tcrasu-ccmiacea*, the Tea Family. ( Polypet.Hypog 
Sepals 5 or 7, concave, coriaceous, deciduous, the innermost often the 
largest ; aestivation imbricated (fig. 265 c). Petals 5, 6, or 9, ofter 
combined at the base (fig. 265 p). Stamens indefinite, hypogynous ; 
filaments free, or united at the base into one or more parcels ; anthen 
versatile, or adnate, dehiscing longitudinally. Ovary multilocular : 
styles 2-7. Fruit either a capsule, 2-7 celled, opening by valves, or 
coriaceous and indehiscent. Seeds attached to the axis, few and large ; 
albumen 0, or in very small quantity ; embryo straight or bent, or 
folded back ; radicle next the hilum ; cotyledons very large, often con- 
taining oil. — Trees or shrubs, with alternate coriaceous, exstipulate 
leaves, which are sometimes dotted. They abound in South America, 
and many occur in India, while others inhabit China and North 
America. There are 33 genera, and 130 species enumerated. Ex- 
amples — Ternstroemia, Gordonia, Camellia, Thea. 

793. The most important plants of this order are those which yield 
Tea. Considerable discussion has taken place regarding the Tea plants ; 
some say that there is only one species ; others, two ; others, three. 
Fortune visited the black and green tea districts of Canton, Fokien, 
and Chekiang, and he says that the black and green teas of the nor- 
thern districts of China are obtained from the same species or variety, 
viz. that cultivated in Britain under the name of Thea viridis; while 
the black and green teas from the neighbourhood of Canton are made 
from the species or variety cultivated in this country under the name 
of Thea Bohea . Some make the Assam plant a different species, and 
thus recognize three, Thea Cantoniensis or Bohea, Thea viridis , and Thea 
Assamica . The quality of the tea depends much on the season when the 
leaves are picked, the mode in which it is prepared, as well as the district 
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in winch it grows. Green Tea contains more essential oil and tannin than 
Black Tea. The Green Teas include Twankay, Young Hyson, Hyson, 
Gunpowder, and Imperial ; while the black include Bohea, Congou, 
Souchong, Oolong, and Pekoe. The teas of certain districts, such as 
Ankoi, have peculiar characters. In some instances teas are dyed by 
means of Isatis inchgotica ; in other cases, by Prussian blue, turmeric, 
and gypsum. Perfume is communicated to teas by means of Olea 
fragrans , Chlorantkus inconspicuus , and Aglaia odorata. There is a 
bitter principle in tea called theme, which may be procured by adding 
a slight excess of acetate of lead to a decoction of tea, filtering hot, 
evaporating, and subliming. According to Dr. Stenhouse, 

1 lb. of Green Hyson Tea gave 72 grains pure white Tlieine, and 2 coloured 
= 74 grains or 1*05 p c. • 

8 oz. Black Congou gave 34*5 gr, pure, and 1*5 impure = 36 gr. or 1-02 p. c. 

6 oz. of Black A^sam Tea yielded 30 gr. or 1 57 p c 
1 lb. of a cheap Green Tea, called Twankay, gave 01) gr. or 0*08 p. c. 

In 1846, the Imports of Tea into the United Kuigdom were — 


Black, about.. 43,000,000 lbs. 

Green, about .13,000,000 — 

Total, ...50,000,000 — 


In 1856, the total imports were 66,500,000 lbs. An interesting 
account ot the Tea plants, and the manufacture of Tea, will be 
found in Fortune’s u Travels in China, ” in Ball’s “Account of 
the Cultivation and Manufacture of Tea,” Boyle’s “Illustrations of 
Himalayan Botany, ’’and his “Productive Besourcesof India.” Thegenus 
Camellia is prized on account of its showy flowers. There are numer- 
ous cultivated varieties of Camellia japonica, many of which can endure 
the climate of Britain when trained on a wall with a southern exposure, 
or slightly protected. In China, Camellia Sasancpia, or Sasanqua tea, 
is cultivated on account of its flowers, which are said to impart fra- 
grance and flavour to other teas. Camellia oleifera yields a valuable oil. 

794. Order 34. — ©lamce®, the Olax Family. ( Polypet . Hypog .) 
Calyx small, gamosepalous, entire or toothed, often becoming finally 
‘ large and fleshy ; aestivation imbricated. Petals 3-6, hypogynous, 
free, or adhering in pairs by means of the stamens ; {estivation valvate. 
Stamens hypogynous, some fertile, others sterile; the former 3-10, 
alternate with the petals, the latter opposite to the petals ; filaments 
compressed ; anthers innate, bilocular, with longitudinal dehiscence. 
Ovary 1-3-4-celled ; ovules 1-3, pendulous from a central placenta*, 
style filiform ; stigma simple. Fruit fleshy, indehiscent, often sur- 
rounded by the enlarged calyx, unilocular, monospermal. Seed ana- 
trqpal, pendulous ; albumen copious, fleshy ; embryo small, at the 
base of the albumen. — Trees or shrubs, with simple, alternate, exsti- 
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pulate leaves, which, are, however, sometimes abortive. They are 
chiefly tropical or subtropical — being found in the East Indies, New 
Holland, and Africa. One only is known in the West Indies. A 
few are from the Cape of Good Hope. Little is known in regard to 
their properties. Olcix zeylanica has a fetid wood with a saline taste 
and is employed in putrid fevers ; its leaves are used in a salad. 
There are 24 genera, and 53 species enumerated. Examples — Olax, 
Opilia, Icacina. 

795. Order 35. — Aammiacca;, the Orange Family. ( Polypet . 
Hypog.) Calyx urceolate or campanulate, short, 3-5-toothed, wither- 
ing. Petals 3-5, broad at the base, sometimes slightly coherent; 
aestivation imbricated. Stamens equal in number to, or a multiple 
of, the petals; filaments flattened at the base, distinct or combined 
into one or more parcels ; anthers erect. Thalamus enlarged in the 
form of a hypogynous disk, to which the petals and stamens are 
attached. Ovary free, multilocular; style 1; stigma thickish, some- 
what divided. Fruit a hesperidium, having a spongy separable rind, 
and pulpy separable cells (^[ 552). Seeds anatropal, attached to the 
axis, solitary or several, usually pendulous, having the chalaza and 
raphe usually well marked ; perisperm 0 ; embryo straight ; cotyle- 
dons thick and fleshy. — Trees or shrubs, usually conspicuous for their 
beauty, with alternate, often compound leaves, which are articulated 
with a usually winged petiole (fig. 185). They abound in the East 
Indies. Jjimonla Laureola is icmarkable as the only plant of this 
family found on the tops of cold and lofty mountains, where it is for 
some months of the year covered with snow. There are 20 genera, 
and nearly 100 species enumerated. Examples — Citrus, Litnonia, 
Triphasia. 

790. The plants exhibit in every part receptacles of volatile oil. 
The oil abounds in the leaves and in the rind of the fruit. It is fragrant 
and bitter. The fruit has a more or less acid pulp, and the wood is 
generally compact. The Orange, Lemon, Lime, Citron, Shaddock, 
and Forbidden Fruit, belong to this order. Citrus vulgaris , yields 
the Bitter or Seville Orange, from the flowers of which an essential 
oil, called Neroli-oil, is procured, in the proportion of an ounce from 
550 pounds of flowers. A similar oil is got from the flower of the 
Sweet Orange, Citrus Aurantrum. The rind of the Bitter Orange is 
used in conserves. In the young state, the fruit is sold under the 
name of Orangettes or Curacoa oranges. Orange-flower-water, as 
obtained from the flowers of the Bitter Orange, is employed as an 
anodyne. The chief kinds of Sweet Orange are the Common 
Orange, the Chinese or Mandarin Orange, the Maltese, and St. 
Michael’s. The last are the finest imported into Britain, and are 
distinguished by their smooth, thin rind. A single tree, it is said, 
will produce 20,000 good oranges. Their fruit is used medicinally, 
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on account of tbe pulp, which contains sugar, mucilage, and citric 
acid. From the rind of the Sweet Orange, an oil, called Oil of 
Orange, is procured, which differs from Neroli-oil. A similar oil, 
but of inferior quality, is procured from the rind of the Seville 
Orange. Many look on the Bitter and Sweet Oranges as produced 
by varieties of one species. The Bitter Orange-tree is less than that 
yielding the Sweet Orange ; the petioles are more distinctly foliaceous ; 
the flowers have a sweeter fragrance ; the rind of the fruit is darker 
and more bitter ; and its pulp more bitter and less saccharine. The 
Lemon, Lime, and Citron, are distinguished from oranges by their 
oblong form, their adherent rind, and a protuberance at the apex. 
Citrus Limonum yields the Lemon, the juice of which is antiscorbutic, 
and is used for cooling drinks and effervescing draughts, while the peel 
or rind, on account of the oil it contains, is employed as an aromatic and 
anthelmintic. A single tree will produce 8,000 lemons. Citrus medica 
furnishes the Citron, which is larger than the Lemon, has a thicker 
and tuberculated rind, and a less acid pulp. The rind and juice may 
be applied to the same purposes as those of the Lemon. Citrus Limetta 
is the source of the Bergamot and Lime, which are probably merely 
varieties. The Bergamot is less than the Lemon in size, and is more 
pyriform, while its colour is golden. The Lime k about half the size 
of the Lemon ; its rind is thin, dense, and of a greenish-yellow colour, 
and its taste is more bitter. Oil of Bergamot is the volatile oil of the 
rind, and 100 fruits are said to yield 2i ounces. Citnis Dccmnana 
furnishes the Shaddock ; C. paradisi , the forbidden fruit ; C olw&for- 
mis , the Kumquat ; and C. Pompelmos , the Pompelmoose fruit. What 
are called horned oranges and fingered citrons, are produced by a 
separation or multiplication of the carpels. Sometimes small fruits are 
enclosed within the large one. yEglc Marmelos yields an excellent 
fruit. From Feronia elephantum , a gum, like gum-arabic, is procured. 

797. Order 36. — Hypcricacea?, the Tutsan or St. Jobn’s-wort Family, 
( Polypet . Hypog.) Sepals 4-5, separate or united, persistent, usually 
with glandular dots, unequal ; aestivation imbricated. Petals 4-5, 
oblique, often with black dots , aestivation contorted. Stamens hypo- 
gynous, oo ; generally polyadelphous (fig. 315), very rarely 10, and 
monadelphous or distinct ; filaments filiform ; anthers bilocular, with 
longitudinal dehiscence ; carpels 2-5, united round a central or basal 
placenta; styles the same number as the carpels, usually separate; 
stigmas capitate or simple. Fruit either fleshy or capsular, multilocular, 
and multivalvular, rarely unilocular. Seeds usually 00, miuute, ana- 
tropal, usually exalbumin ous ; embryo usually straight. — Herbaceous 
plants, shrubs or trees, with exstipulate entire leaves, which are 
usually opposite and dotted. Flowers often yellow. They are dis- 
tributed very generally over all parts of the globe, are found in elevated 
and low, dry and damp situations. They yield a resinous coloured 
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juice which has purgative properties, and resembles gamboge. In 
the European species this yellow juice is in small proportion to the 
essential oil, and the rest of the vegetable matter they have been used 
as tonics and astringents. Hypericum hircinum is fetid. A gargle for 
sore throats is prepared in Brazil from the Hypericum connatum. A 
decoction of the leaves of Hypericum laxiusculum , or Allecrim brabo, 
is reputed in .the same country to be a specific against the bite of ser- 
pents. Lindley places Parnassia in this order. There are 15 known 
genera, and about 276 species. Examples — Hypericum, Elodea, 
Vismia, Beaumnria. 

798. Order 37. — Ontiifera, or ciusincese, the Gamboge Family. 
(Poly pet, Hypog.) Sepals 2-G or 8, usually persistent, round, fre- 
quently unequal and coloured ; aestivation imbricated. Petals hypo- 
gynous, equal to, or a multiple of, the sepals. Stamens hypogynous, 
usually 00, rarely definite, free or variously united at the base ; fila- 
ments unequal in length ; anthers adnate, introrse or extrorse, some- 
times very small, Occasionally unilocular, and sometimes with porous 
or circumseissile dehiscence. Thalamus forming a fleshy, sometimes 
5-lobed disk. Ovary solitary, 1 or many-celled ; ovules either solitary 
and erect or ascending, or numerous and attached to central placentas; 
style 0 or very short . stigmas peltate or radiate. Fruit dry or fleshy, 
1 or many-celled, 1 or many-seeded, either with septicidal dehiscence 
or indehiscent. Seeds definite, anatropal, or orthotropal, in a pulp, 
apterous and often aril late, with a thin and membranous sperm oderm ; 
albumen 0 ; embryo straight ; cotyledons usually cohering. — Trees or 
shrubs, sometimes parasitical, with exstipulate, opposite, coriaceous, 
entire leaves, having a strong midrib, and lateral veins running directly 
to the margin. Flowers articulated with the peduncle, often unisexual 
by abortion. They^re natives of tropical regions, more especially of 
South America ; a few are from Madagascar and the continent of 
Africa. They generally require situations combining excessive heat and 
humidity. Lindley enumerates 30 genera, including 150 species. 
Examples — Clusia, Garcinia, Cambogia, and Calophyllum. 

799. llie plants of this order yield a resinous juice, wliich is acrid, 
purgative, and has a yellow colour. Gamboge is one of the most 
important products. There are two kinds of gamboge, one called 
Siam, and the other Ceylon Gamboge. The latter is the product of 
Cambogia gutta or Hebradendron cambogioides , and it is probable that 
the other, which is the only sort in commerce, and which is known by 
the names of Pipe, Lump, and Coarse Gamboge, is derived from the 
same source. Another kind of gamboge, called Coorg or Wynaad 
Gamboge, seems to be the produce of Garcinia elliptica. Gamboge 
is a powerful irritant, and in large doses acts as a poison, causing 
inflammation of the mucous membrane. It is employed medicinally, os 
a drastic and hydragogue cathartic. It is an excellent pigment. The 
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resin of Tacamahaca is yielded by Calophyllum Calaba. An oil is 
obtained from the seeds of Calophyllum inophyllum. Pentadema 
butyracea is the Butter and Tallow -tree of Sierra Leone, so called on 
account of the solid oil which is furnished by the fruit. While an 
acrid resin is the product of most of the plants of the order, there are 
some parts in which the resin is either absent or elaborated in small 
quantity. Thus some of them produce fruits which are used as 
articles of diet. Garcinia Mangostana supplies the East Indian Man- 
gosteen, which is said' to be one of the finest kuown fruits ; it re- 
sembles a middle-sized Orange, and is filled with a sweet and highly- 
flavoured pulp. Mamraea americana gives a drupaceous fruit, called 
Mamrnee Apple, or Wild Apricot of South America. Its seeds are 
anthelmintic ; its flowers yield by distillation a stomachic spirit called 
Eau de Cr6ole ; and a wine is obtained by fermenting its sap. Mesua 
ferrea yields a hard and durable timber. The Clusias are handsome 
trees, remarkable for the mode in which they send out adventitious 
roots. The fruit of Clusia jlnva , sometimes called Wild Mango, or 
Ralsam-tree, yields a yellow juice like gamboge. 

800 - Order 38 . — Hlarcgrraviacoas the Marcgravia Family. ( Polypet . 
H/jpog.) Sepals 2-7, usually coriaceous and persistent; aestivation 
imbricated. Corolla hypogynous, of 5 petals, or gamopetalous, calyp- 
triform, entire or torn at the point. Stamens usually 00 , very rarely 
5, hypogynous ; filaments dilated at the base ; anthers long, erect, 
introrse. Ovary single, unilocular ; style 1 ; stigma often capitate. 
Fruit coriaceous, indehiscent, or dehiscing by valves in a loculicidal 
manner, the placentas being parietal and forming spurious dissepiments. 
Seeds indefinite, minute, in a pulp, anatropal, exalbuminous ; embryo 
straight. —Trees and shrubs, with alternate, simple, entire, coriaceous, 
and exstipulate leaves. Flowers furnished occasionally with bracts, 
which are folded and united so as to form ascidia/ They occur chiefly 
in the warmer parts of America. Their properties are scarcely known 
The stein, root, and leaves of Marcgravia nmhellata , are regarded in 
the West Indies as diuretic. There are four genera mentioned, and 
26 species. Examples — Marcgravia, Norantea. 

801 . Order 39. — Uipponntcaccw, the Ilippocratea Family. ( Polypet . 

a og,)' Sepals 5, very small, united up to the middle, persistent, 
an imbricated aestivation. Petals 5, with an imbricated aestiva- 
tion. Stamens 3 , monadelphous ; the united filaments forming a tube 
or a disk-like cup round the ovary ; anthers with transverse dehiscence. 
Ovary free, trilocular; style 1 ; stigmas 1 - 3 . Fruit consisting either 
of 3 samaroid carpels, or fleshy and 1-3 celled, Seeds definite, about 
4 in each cell, attached to a central placenta, exalbuminous, anatropal, 
with a straight embryo, and flat somewhat fleshy cotyledons. — Arbores- 
cent or climbing shrubs, with opposjte, simple, somewhat coriaceous 
leaves, has?tng small deciduous stipules. They are found principally 
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in south America ; a few are natives of Africa and the East Indies. .. 
The fruit of some is eatable. The fruit of Tontelea {Salcmd) pyriformis , 
a native of Sierra Leone, is about the size of a Bergamot Pear ; its 
flavour is rich and sweet. The nuts of Hippocvatea cozno&a are oily 
and sweet; it is called in the French West Indian Islands, Amandier 
du Bois. Lindley mentions G genera, comprehending 86 species. 
Examples — Hippocratea, Salacia. 

802. Order 40. EiTtbroxyiacc®, the Erythroxylon Family. (PolypeL 
Hypog.) Sepals 5, united at the base, persistent; aestivation imbri- 
cated. Petals 5, hypogynous, broad and with a small scale at the base, 
slightly contorted in aestivation. Stamens 10, monadelphous ; an- 
thers erect, bilocular, with longitudinal dehiscence. Ovary 3-celled, 
two of which arc sometimes abortive ; styles 3, distinct or united ; stig- 
mas 3; ovule single, pendulous. Fruit a 1-seeded drupe. Seed an- 
gular, anatropal ; embryo in the axis of firm albumen, rarely exalbu- 
minous; cotyledons linear, flat, and leafy. — Shrubs or trees with al- 
ternate stipulate leaves. Flowers arising from numerous, imbricated, 
scale-like bracts. Found chiefly in the West Indies and South 
America. The plants of the order have tonic, purgative, and narcotic 
qualities. The leaves of Erythroxylon Coca are used by the miners of 
Peru as a stimulant like opium. They are chewed with a small 
mixture of finely powdered chalk The wood of some is of a bright 
red colour, and yields a dye. There are 2 or 3 known genera, and 
about 80 species. Examples— Erythroxylon, Sethia. 

803. Order 41. — Malpi^hiac?*, the Malpighia Family. ( Polypet . 
Hypog .) Sepals 5, slightly united, persistent, often glandular at the 
base; aestivation imbricated. Petals 5, unguiculate, with convolute 
aestivation. Stamens usually 10, often monadelphous ; anthers round- 
ish, with a projecting process from the connective (fig. 342). Ovary 
formed by 3 (rarely 2 or 4) carpels, more or less combined ; ovules 
solitary, with a long pendulous cord ; styles 3, distinct or united. 
Fruit dry or fleshy, sometimes winged (fig. 466). Seeds solitary, 
orthotropal, suspended, exalbuminous ; embryo straight or curved in 
various ways ; cotyledons loliaceous or thickish (fig. 506). — Trees or 
shrubs, sometimes climbing, with simple, opposite, or very rarely al- 
ternate, stipulate leaves, without dots. Hairs, when present, peltate. , 
Flowers either perfect or unisexual. They are inhabitants of tropical 
countries chiefly, and a great number of them are found in South 
America. Lindley notices 42 genera, including 555 species. Examples 
— Malpighia, Banisteria, Hiptage, Hiraea, Gaudichaudia. 

804. Some of the woody plants of this order exhibit an anomalous 
formation of the stem, from the absence of annular rings and medul- 
lary rays, and the peculiar mode in which the bark is produced. 
This is shown in figs. 105, 108, and 109. Many of the .plants are 
astringent. Some have stinging hairs (fig. 84). The fruit of Mai *- 
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pighia glabra is called Barbadoes Cherry, and is used as an article of 
dessert. Nitraria is a genus doubtfully referred to this order. N. 
tridentata , found in the desert of Soussa, near Tunis, is said by some 
to be the true Lotus-tree of the ancient Lotophagi. 

S05. Order 42. — Aceracea, the Maple Family. ( Polypet Hypog .) 
Calyx divided into 5, rarely into 4 or 9 parts, with an imbricated aesti- 
vation. Petals equal in number to the lobes of the calyx, with which 
they alternate, rarely wanting. Stamens generally 8, inserted on a 
hypogynous disk. Ovary free, 2-lobed, 2-celled ; ovules in pairs ; 
amphitropal, pendulous-, style 1 , stigmas 2. Fruit, a samara (fig. 
465), composed of two winged carpels, each 1-celled with 1-2 seeds. 
Seeds erect, exalbuminous ; embryo curved, with foliaceous cotyledons, 
and the radicle next the hilum.-^Trces with opposite, simple, lobed 
or palmate, exstipulate leaves. Flowers often polygamous. They are 
confined chiefly to the temperate parts of Europe, Asia, and North 
America. They yield a saccharine sap, from which sugar is sometimes 
manufactured. It is said that their juices become acrid as the season 
advances. The bark is astringent, and yields reddish - brown and 
yellow-coloured dyes. A ctr saccliarinnm is the Sugar Maple of America. 
Acer Pseudo-platanus , the Sycamore or Great Maple (the Plane-tree 
of Scotland), acts well as a shelter in exposed places, as near the sea. 
Its sap is slightly saccharine. Its wood is used in machinery and for 
charcoal. The leaves are often covered with black spots, caused by 
the attack of a fungus, Xyloma or Kytisma acerinum. There are 3 
known genera, and 60 species. Examples — Acer, Negundo, Dobinea. 

806. Order 43. — Sapimiarrw, the Soapwort Family. ( Polypet . Hy- 
pog .) Sepals 4*-5, distinct or cohering at the base; aestivation imbri- 
cated. Petals 4-5, occasionally absent, hypogynous, sometimes naked, 
sometimes with a glandular or scaly appendage inside; eestivation 
imbricated. Stamens usually 8-10, sometimes 5-6-7, very rarely 20 ; 
filaments free, or combined just at the base ; anthers introrse. Thala- 
mus forming a fleshy or glandular disc, into which the stamens are 
often inserted. Ovary trilocular, rarely hi- or quadri-locular ; ovules 
anatropal, definite; style either undivided or 2-3 cleft. Fruit either 
fleshy and indehiscent, or samaroid, or capsular, and 2-3 valved. 
Seeds solitary, often arillatc, exalbuminous ; embryo straight, curved, 
or spiral; cotyledons incumbent; radicle next the lnlum. — Trees or 
shrubs, sometimes climbing herbaceous plants, with alternate, some- 
times opposite, compound (fig. 176), rarely simple leaves, often marked 
with lines or pellucid dots They are natives principally of South 
America and India. Africa contains many of them ; they are wanting 
in the cold regions of the north. None are found wild in Europe. In 
thisorder are included the Hippocastanea? or Horse-chestnuts, which are t 
distinguished by their opposite leaves, andtheir two ovules in each cell, 
one ascending, the other suspended (fig. 428). Lindley gives 50 
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genera, including 880 species. Examples — Sapindus, Paullinia, Ne- 
phelium, iEsculus, Pavia, Dodonsea, Meliosma. 

807. In this order are included many plants which yield edible 
fruits, and others which are poisonous. A saponaceous -principle exists 
in certain species. The fruit of Sapindus Saponaria, under the name 
of Soap-berries, is used as a substitute for soap in the West Indies. 
The Longan and Litchi are excellent Chinese fr .its, the produce of 
Nephdium Longan and N. Litchi . The kernel of the Longan pow- 
dered, is sometimes made into paper. Blighia or Cupania sapida 
yields the Akee fruit, the succulent aril! us of which is used as food. 
Many of the Paullimas are poisonous. From the seeds of Paullinia 
aorbilis , however, the Guarana bread is prepared in Brazil. The 
seeds, after being dried and deprived of their white aril, are pounded 
and kneaded into a dough, which is afterwards made up into cakes or 
balls. This Guarana contains a bitter crystalline matter called Gua- 
ranine, identical with Caffeine. The bark of sEsculus Ilippocastanum , 
Horse-chestnut, has, been recommended as a febrifuge, and its 
seeds have been used as a substitute for coffee. The fruit and leaves 
of jEscuIus ohiotensis , the Buck-eye or American Horse-chestnut, are 
said to be poisonous. PavMrita pinnata, and some other Sapindacem 
of Brazil, exhibit anomalous exogenous stems (fig. 10G). Ophiocaryon 
paradoxum , is the Snake-nut- tree of Demerara, and is so called on 
account of the embryo, resembling a coiled-up snake. 

808. Order 44. — ithizoboinrra*, the Souari-nut Family. ( Polgpet . 
Hypog.) Sepals 5, more or less combined ; aestivation imbricated. 
Petals usually 5, unequal, thickish. Stamens indefinite, slightly 
monadelphous, arising from a hypogynous disk, in a double row, 
of which the inner is often abortive ; anthers roundish, with longitu- 
dinal dehiscence. Ovary 4-5 celled; ovules solitary, semi-anatropal ; 
styles as many as the cells of the ovary ; stigmas simple. Fruit formed 
of several indehiscent, 1-celled, 1 -seeded ruts, with a thick double 
endocarp. Seed renilorm, exalbuminous, with the funiculus dilated 
into a spongy excresence ; embryo with a very large radicle, which 
constitutes nearly the whole of the kernel ; cotyledons small, lying in 
a furrow of the radicle (% 503).— Trees with opposite, palmately 
compound, coriaceous, exstipulate leaves. They grow in the warm 
forests of South America. Some of them furnish oil, others yield 
edible nuts. Souari nuts are the produce of Caryocar butyrosum 
{Pekea bulyrosa ). Bindley notices 2 genera, and 8 species. Examples 
— Caryocar, Anthodiscus. 

809. Order 45. — MeiiaccoD, the Melia Family. ( Polypet . Rypogi) 
Sepals 4-5, more or less united, with an imbricated aestivation. Petals . 
4-5, hypogynous, sometimes cohering at the base, with a valvate or 
imbricated cestivation. Stamens equal in number to the petals, or 2, 

8, or 4 times as many ; filaments combined in a long tube ; anthers 
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sessile within tbe orifice of the tube. Disk often large and cup-shaped. 
Ovary single, multiloeular, the cells often equal in number to tbe 
petals ; ovules usually anatropal, 1-2 in each cell ; style 1 ; stigmas 
distinct or united. Fruit baccate, drupaceous or capsular, multilocu- 
lar, or by abortion unilocular, when valves are present opening by 
loculicidal dehiscence. Seeds not winged ; albumen usually absent *, 
embryo straight, with leafy cotyledons. — Trees or shrubs with alter- 
nate (occasionally opposite), exstipulate, simple, or pinnate leaves. 
They are chiefly found in the tropical parts of America and Asia. 
Under this order, some include Humiriacese, which are distinguished 
by a prolonged fleshy connective (fig. 341), albuminous seeds, and a 
slender embryo. Arnott includes Cedrelaceae also under this order. 
There are about 40 known genera, and upwards of 160 species. 
Examples — Melia, Trichilia, Humirium, Canella. 

810. The plants of this order possess bitter, tonic, and astringent 
qualities. Melia Azedarachta is used in India as a febrifuge, and its 
fruit yields an oil which is employed for domestic purposes, and as 
an antispasmodic. The root of Melia Azedarach is bitter and nauseous, 
and is used in North America as an anthelmintic. Oils are procured 
also from species of Trichilia and Carapa (fig. 507). A warm 
pleasant smelling oil is, prepared from the fruit of Trichilia speciosa , 
which in India is considered as a valuable external remedy in chronic 
rheumatism and paralytic affections. The bark of Carapa guinfonsis 
has reputation as an anthelmintic. The fruit called in the Indian 
Archipelago, Langsat, is the produce of a species of Lansium. A 
fragrant balsam, called Balsam ot Umiri, is got from the trunk of 
Humirium floribundum. Canella alba , the plant which furnishes 
Canella bark, has been referred to this order, but great doubts exist as 
«*> the propriety of doing so. Lindley makes it provisionally a separate 
orcfcav Canellacese, which he places near Pittosporacese. Canella bark 
is hot and aromatic, and is used as a spice, and medicinally as a stimu- 
lant tonic. It was formerly confounded with Winter's bark, and the 
$anfc was called by Linnaeus, Winterania Canella, or spurious Winter’s 
bark. 

811. Order 46. — fcedreiacc®, the Mahogany Family. (Polypet. 
Hymg.) Calyx 4-5-cleft, with imbricated aestivation. Petals 4' 5, 
with imbricated aestivation. Stamens 8-1 0, united below into a tube, 
sometimes distinct, inserted into a hypogynous annular disk ; anthers 
bilocular, acuminated, with longitudinal dehiscence. Ovary usually 
4 or fi-celled ; ovules anatropal, pendulous ; style simple ; stigma 
peltate. Fruit a capsule opening septifragally (figs. 45Q, 451 ). Seeds 
winged; albumen thin or 0; embryo straight, erect; cotyledons 
fleshy.' — Trees with alternate, pinnate, exstipulate leaves. They are 
found In the tropical parts of America and Asia, lindley enumerates 
9 genera, innhuhno- 25 snecies. Enamnlet i — OedreJa. ftwiefetna. 
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1 812, The plants of this order are bitter, and have an aromatic 
fragrance, Svnetenia MaJiagoni supplies the well-known mahogany 
wood. Its bark, as well as that of Soymida febrifuge, and of Cedrela 
febrijuga , are used for the cure of dntermittents. Chloroxylon Syne- 
tenia produces satin wood, and also yields a kind of wood-oiL 

813. Order 47. — Ampeiidese or vuncea* the Vine Fatuity. (Poly- 
pet. Hypog.) Calyx small, nearly entire (fig. 586 c). Petals 4-5, 
sometimes cohering above (fig. 586 p ), inserted outside an annular 
hypogynous disk (figs. 586, 587 g ) ; aestivation valvate. Stamens 
4-5, opposite to the petals (figs. 586, 587 e), inserted on the disk ; 
filaments free, or united at the base ; anthers ovate, versatile (fig. 587). 
Ovary 2-6-celled; ovules erect, anatropal (fig. 588 o) ; style 1, very 
short; stigma simple (588 s ). Fruit pulpy and globular, not united 
to the calyx (fig. 589), sometimes 1 -celled by abortion. Seeds I to 



4 or 5, erect (590), with an osseous spermoderm, horny albumen 
(figs. 591, 592 p), and an erect embryo (fig, 591 e).—~ Climbing 
shrubs, having the lower leaves opposite, the upper ones alternate 
(fig. 221). Flowers in racemes, which are often opposite the leaves; 
floral peduncles sometimes becoming cirrhose. They inhabit the 

Figs. 685-692. — Organs of fructification of Vitis vinifera, to illustrate the natural order 
Vitacese or Ampelideac. 

Fip. 586. -"-Diagram of the flower, showing 5 sepals, 6 petals, 6 stamens opposite the petals on 
account of the non-development of one staimnal row, a disk, and the ovary. 

Fig. 580.— Flower showiug the petals, p, detached at the base, and remaining united above 
in a calyptra-llke manner. c, Calyx, g, Glands, forming a disk, c. Stamens, tfie filaments of 
which only are seen. 

Fig. 687— Ffcwer after the petals have fallen, g, Glands of the disk, e, Stamens, with ver- 
satile anthers, p, Pistil. 

Tig. 588— Vertical section of the flower, c, Calyx, p. Petals, e, Filaments, o, Ovary, with 
2 cells and their erect anatropal ovules. Stigma. 

Fig. 58a— Globular pulpy fruit, uva, or gTape, differing from a berry, in the calyx not fbrraing 
part of the pericarp. It is by some called nuculanium. 

Fig. 690. —The seed of the grape, with its osseous spermoderm enclosing ft hard perisperm. 

Fig. 591. •‘—The seed cut vertically. The integument or spermoderm. p, Perisperm, or 
albumen, which Js homy, e, Erect embryo, with lanceolate cotyledon a 

Fig. 692— Horizontal section of the seed of the grape, about the middle. A Integument or 
spermoderm. p, Perisperm or albumen. 
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milder as well as the hotter parts of both hemispheres, and abound 
in the West Indies. There are 7 genera, and 260 species. Ex - 
amples — Vitis, Cissus, Leea. 

814. The plants of this order have generally acid leaves, and their 
fruit, when ripe, is saccharine. Vitis vinifera , the Grape Vine, belongs 
to this order. It is said to be a native of the shores of the Caspian, 
whence it was imported into Europe. The unripe fruit contains a 
harsh acid juice, called verjuice. It contains free citric, malic, and 
tartaric acids, along with bitartrate of potass. As grapes ripen, sugar, 
called Grape-sugar, is formed at the expense of the acids (IT £04). 
The vessels of the Vine are large (fig. 61), and the sap passes through 
them with great force and rapidity. When cut in spring the plant 
bleeds freely. The leaves of the vine, on account of their astringency, 
have been used in diarrhoea. In France its sap is a popular remedy 
for chronic ophthalmia. Vitis vulpina yields the Fox-grapes of Rhode 
Island. The leaves of Cissus cordata and C y . setosa are said to possess 
acrid properties. The berries of the latter are acrid. Both leaves 
and fruit of Cissus tinctoria abound in a green colouring matter, which 
on exposure to air and light becomes blue, and is highly esteemed as 
a dye for cotton fabrics. Ampelopsis virginica , the Virginian creeper, 
is commonly cultivated as a climbing plant. 

815. Order 48. — Geraniacose, the Cranesbill Family. ( Polypel . 

Hypog.) Sepals 5, persistent, more or less unequal (figs. 307, 347 cc), 
one sometimes spurred at the base ; asstivation imbricated. Petals 5 
(or by abortion 4), unguiculate, with contorted aestivation (figs. 307, 
347, pp). Stamens monadelphous, hypogynous (figs. 307, 347 c), 
twice or thrice as many as the petals, some occasionally abortive. 
Ovary of 5 carpels, placed round<m elongated axis (fig. 307 t ) ; ovules 
pendulous, solitary ; styles 5, cohering round the axis (fig. 307 o). 
Fruit formed of 5 one-seeded coccoons, terminated each by an indu- 
rated style, which curls upwards, carrying the coccus or pericarp 
with it (fig. 455). Seeds exalbuminous, solitary, with a curved folded 
embryo, and leafy, convolute, and plaited cotyledons (fig. 51 1.) — Herbs 
or shrubs with simple, stipulate leaves, which are either opposite, or 
alternate with peduncles opposite to them. They are distributed over 
various parts of the world. The species of Pelargoniun abound at 
the Cape of Good Hope. Lindley mentions 4 genera, including, after 
separating hybrids, about 500 species. Examples — Geranium, Pelar- 
gonium. » 

816. The name Cranesbill is derived from the long beak-like pro- 
longation of the axis, or what is called the carpophore (^ 437). The 
plants of this order are astringent and aromatic. The root of 
Qertmium macukitum, receives the name Alum root, in consequence 
of being a very powerful astringent. The tuberous or monUiforro 
roots, of some, such as Pelargonium triste (fig. 123), are eatable 
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The species of Pelargonium are remarkable for the beauty of their 
flowers. By the art of the gardener, and by hybridization, many tine 
varieties of Pelargonium have been produced. 

817. Order 49.— r.inace®, the Flax Family. (Polypet. Hypog.) 
Sepals 3, 4, or 5, persistent, with an imbricated aestivation. Petals 
3, 4, or 5, fugitive, unguiculate*, hypogynous, with a twisted aestiva- 
tion. Stamens equal to the petals and alternate with them (with 
intermediate teeth or abortive stamens), arising from a hypogynous 
annular disk; anthers ovate, erect. Ovary with as many cells and 
styles as sepals, seldom fewer ; stigmas capitate ; ovules anatropal, 
pendulous. Fruit a multiloeular capsule, pointed generally with the 
indurated base of the styles ; each loculament or cell more or less 
completely divided by a spurious dissepiment, arising from the dorsal 
suture, and opening by two valves at the apex. Seeds solitary in each 
spurious cell, compressed, pendulous; albumen usually in small 
quantity, sometimes 0 ; embryo straight; cotyledons flat ; radicle next 
the hilura. — Annual and perennial plants, with exstipulate, simple, 
entire leaves, which are usually alternate. They are scattered over 
the globe, but are said to be most abundant in Europe, and in the 
north of Africa. By some authors the order is associated with 
Geraniaceae, from which it differs in its unbeaked fruit and exstipulate 
leaves, as well as the absence of joints in the stem. There are 3 
genera mentioned by Lindley, comprising 90 species. Examples — 
Linum, Kadiola. 

818. The plants yield mucilage and fibre. Flax, which consists of 
woody fibre (fig. 44), is procured from the inner bark of the stalk of 
Linum usitatissimim y by the process of steeping and stripping off the 
bark. Linen and cambric are prepared from it. The flax plant is 
supposed to have been originally a native of Egypt, and mummy 
cloth has been shown to be formed of linen. The integument of the 
seeds is mucilaginous, and an infusion of them in boiling water is used 
as a demulcent and diuretic. The cotyledons of the seeds are olea- 
ginous, and by expression yield Linseed oil, which has the property 
of drying and hardening into an elastic varnish, on exposure to the 
air. It is used medicinally for burns mixed with lime water. After 
expressing the oil a cake remains, called oil-cake, which is used for 
fattening cattle. The powdered cake receives the name of Linseed 
meal, and is commonly used for poultices. Another species of Linum , 
called L. cqfharticum, has purgative properties, which seem to depend 
on the presence of an acrid bitter matter, called Linin. Linum 
selaginoidee is considered in Peru bitter and aperient. 

819. Order 50. — Balaam inaceae, the Balsam Family. ( Polypet . 
Hypog.) Sepals 5, irregular, deciduous, the two inner and upper 
connate, coloured, the lower (odd) sepal spurred (fig. 541) ; aestiva- 
tion imbricated. Petals alternate with the sepals, usually 4, in conse- 

s 2 
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q$$nce of 1 being abortive, often more or less irregularly united ; 
aestivation convolute. Stamens 5. Ovary 5 -celled ; ovules usually 
numerous, stigma sessile, more or less 5-lobed. Fruit a 5-celled 
capsule, opening septifragally, by 5 elastic valves. Seeds usually 
numerous; suspended, exalbuminous, with a straight embryo, and 
radicle next the hilum. Succulent - herbaceous plants with watery 
juice, having simple, opposite, or alternate, exstipulate leaves, and 
axillary irregular flowers. They inhabit chiefly the East Indies, and 
are remarkable for the force with which the seed-vessels open when 
ripe. The valves give way on account of the osmose which goes on 
in the cells, and they then curl up in a peculiar manner 27, 606). 
‘^Jhey have usually showy flowers, but their properties are unimportant. 
Bindley mentions 2 genera, including 110 species. Examples — Im- 
fjpatiens, Hydrocera. 

820. Order 51. — OxfiUdacese, the Wood-sorrel Family. (Polypet, 
Hypog.) Sepals 5, equal, sometimes cohering slightly at the base, 
persistent, imbricate in aestivation. Petals 5, equal, unguiculate, 
hypogynous, with a twisted cestivation. Stamens 10, more or less 
monadelphous, in 2 rows ; those opposite the petals being longer than 
those in the outer row ; anthers erect, bilocular. Ovary usually quin- 
quelocular^ styles filiform, distinct; stigmas capitate or slightly bifid. 
Fruit capsular, membranous or fleshy, usually 5-celled, and when 
dehiscent 5-10 valved. Seeds few, anatropal, albuminous, attached 
to a central placenta, sometimes with a peculiar elastic integument ; 
embryo straight, as long as the fleshy albumen, with a long radicle and 
leafy cotyledons. — Herbs, undershrubs, or trees, with alternate, rarely 
opposite compound (occasionally simple) leaves, which are generally 
without stipules. They are found in the hot as well as the temperate 
parts of the world, and are abundant in Noith America and at 
the Cape of Good Hope. The shrubby species are confined to the 
hotter parts of the world. In some cases phyllodia, or winged 
petioles, occupy the place of leaves. There are about 6 known 
genera, and upwards of 320 species. Examples — Oxalis, Averrhoa, 
Hugonia. 

821. They are often acid in their properties. Some of them yield 
esculent roots. Oxalis Acetosella , common Wood- sorrel, receives its 
name from its acid taste. It contains binoxalate of potash, which is 
sometimes called the salt of sorrel, and at other times the essential salt 
of lemons. The plant has been used as a refrigerant and antiscorbutic. 
Its leaves are trifoliate, and some have considered it to Be the true 
Shamrock, in consequence of being in flower about the period of the 
year when St. Patrick’s day occurs. Some of the oxalises, as O, sensi- 
tim , have sensitive leaves, and experiments have been made in regard 
to their closing and opening by Morren (% 660). Oxalis crenata , 
cigj tfertfctf and Deppei } yield tubers, which have been used as a substi- 
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tute for potatoes. The acid fruit of Averrhoct Bilimbi and Canxtnbola 
is used in the East Indies as food. 

822. Order 52. — Trop««iace», the Indian Cress Family. ( Pplypet . 

Eypog.) Sepals usually 5, the upper spurred (fig. 275) ; activation 
slightly imbricate. Petals often 5, hypogynous, more or less unequal, 
sometimes abortive (fig. 542); aestivation convolute. Stamens 8 or 10, 
seldom fewer, free^almostperigynous; anthers bilocular, innate. Ovary 
triquetrous, composed of 3-5 carpels, with a single style, and 3-5 
acute stigmas ; ovules solitary, often pendulous. Fruit indehisfcent, 
usually composed of 3 pieces. Seeds exalbuminous, with a large em- 
bryo, which has thick, often united, cotyledpns, and a radicle next the 
hilum. — Herbaceous trailing or twining plants, having a delicate tex- 
ture, with alternate exstipulate leaves, and axillary, often gay, flowers. 
They are natives of the temperate parts of America, and are exten- 
sively cultivated on account of their showy yellow, orange, scarlet, 
and occasionally blue flowers. They have more or less pungency iu 
their fruit, which is used as a cross. The unripe fruit of Tropceolum 
majus , common Indian Cress, has been pickled and used as capers. 
Their roots are sometimes eaten. Lindley includes Limnanthese in this 
order, and enumerates (i genera, including 44 species. Example — 
Tropaeolum. * 

823. Order 53. — PJtto* P oracc the Pittosporum Family. (Polypet. 
Hypog.) Sepals 4 or 5, deciduous, distinct or partially united ; aestiva- 
tion imbricated. Petals 4 or 5, sometimes slightly cohering, with 
imbricated aestivation. Stamens 5, distinct, alternate with the petals. 
Ovary single, 2-5 celled ; style 1 ; stigmas 2-5, equal in number to 
the placentas. Fruit capsular or berried, with many-seeded cells, 
which are sometimes incomplete ; dehiscence loculicidal. Seeds often 
enveloped in a glutinous or resinous pulp, anatropal, with a minute 
embryo lying in fleshy albumen ; radicle long ; cotyledons very short. 
— Trees or shrubs, with simple, alternate, exstipulate leaves and 
flowers occasionally polygamous. They are found chiefly in Austra- 
lasia. Many of them are resinous, and, in some instances, the berries 
are eaten Lindley mentions 12 genera, including 78 species. Ex- 
amples — Pittosporum, Billardiera, Sollya. 

824. Order 54. — Brcxiaccae, the Brexia Family. ( Polypet . L Typog.) 
Calyx small, persistent, of 5 coherent sepals, with an imbricated aesti- 
vation. Petals 5, with twisted aestivation. Stamens 5, alternate with 
the petals, arising from a narrow cup or disk, which is toothed between 
each stamen ; anthers bilocular, erect, opening longitudinally and in- 
trorsely. Ovary 5-celled ; ovules numerous, in two rows ; placentas 
central ; style 1 ; stigma simple. Fruit drupaceous, 5-celled, inany- 
seeded. Seeds having two distinct coverings, anatropal ; embryo 
straight ; radicle cylindrical ; cotyledons ovate, obtuse. — Trees with 
coriaceous, alternate leaves, having small deciduous stipules. They exist 



m 


2TGOPHTLLACE2G— BUTACB.E, 


principally in Madagascar. Lindley associates some perigynous geneltt 
with Brexia, and places the order near Saxifragace*. He enumerates 
4 genera, including 6 species. Example — Brexia. 

825. Order 55.— Zygopbytiace», the Guaiacum Family. {Polypet. 
Eypog.) Calyx 4-5 parted, with convolute aestivation. Petals alter- 
nate with the calycine segments, with imbricated aestivation. Stamens 
twice as many as the petals ; filaments dilated at the base, usually 
arising from scales (fig. 313). Ovary simple, 4-5 celled; divisions 
occasionally formed by spurious dissepiments (figs. 438, 439). Ovules 
2 or more in each cell, usually pendulous ; style simple, 4-5 furrowed ; 
stigma simple, or 4-5-loJped. Fruit capsular or rarely fleshy, with 
4-5 angles or wings, 4-5-valved, either opening by loculicidal dehis- 
cence, or indehiscent. Seeds few, usually with whitish albumen, 
sometimes exalbuminous ; embryo green, with foliaceous cotyledons, 
and a superior radicle. — Herbs, shrubs, or trees, with opposite, stipu- 
late, usually compound leaves, which are not dotted, and hermaphrodite 
flowers. They occur in various parts of the world, chiefly in warm 
extra-tropical regions, as in the south of Europe, America, Africa, 
and India. The order has been divided into two sections: — 1. Zygo- 
phyllese, having albuminous seeds. 2 Tribulea?, having exalbuminous 
seeds Lindley mentions 7 genera, comprising 100 species. Examples 
-*-Zygophyllum, Guaiacum, Tribulus. 

- 826. Some of the plants abound in a stimulant resin, which pervades 
the wood and bark ; others are bitter and acrid. The medicinal species 
are used as sudorifics. Zygophyllum Fabago is called the Bean-caper, 
on account of its flowers being used as a substitute for capers. The 
plant is said to act as a vermifuge. Guaiacum officinale is a beautiful 
West Indian tree, the wood of which, commonly called lignum- vitse, 
is prized for its hardness. The alburnum is of a grayish -yellow colour, 
while the duramen is greenish -black. The fibres of the wood are 
remarkable for their direction, being cross-grained, in consequence of 
one layer crossing another diagonally. It yields a resinous matter 
known as the resin of Guaiac, or Gum-guaiac. This resin exudes 
spontaneously, or it may be procured by incisions, or by the applica- 
tion of heat. A solution of the resin in alcohol, when applied to the 
fresh cut surface of a potato, gives rise to a blue colour. Both the 
wood and the resin are used medicinally on account of their stimulant 
diaphoretic properties. In decoction and tincture they are adminis- 
tered in cutaneous and syphilitic diseases. • Guaiacum sanctum from 
Mexico has similar properties, and is sometimes used medicinally on 
the continent. 

827. Order 66. — Rmacea* the Rue Family. ( Polypet . Hypog.) 
See figs. 532, 533. Calyx having 4-5 segments, with an imbricated 
aestivation. Petals alternate with the divisions of the calyx, distinct, 
or cd|||jpag below into a spurious gamopetalous corolla, rarely want- 
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ing ; estivation either contorted or valvate. Stamens equal in number 
to the petals, or twice or thrice as many (rarely fewer by abortion or 
non-development) (fig. 534), usually hypogynous, but in some in- 
stances perigynous. Between the stamens and ovary there is a more 
or less complete cup- shaped disk, which is either free or united to 
the calyx. Ovary sessile or supported on a gynophore (fig. 382), its 
carpels equal to the petals in number or fewer; ovules 2, rarely 4 or 
fewer in each carpel ; styles adherent above (fig. 382) ; stigma simple 
or dilated. Fruit capsular, its parts either combined completely or 
partially; seeds solitary or in pairs, albuminous or exalbuminous ; 
embryo with a superior radicle. — Trees or^ shrubs, with exstipulate, 
opposite, or alternate leaves, usually covered with pellucid resinous 
dots (figs. 87, 89), and hermaphrodite flowers. The order has been 
subdivided into two suborders: — 1. Rutece, with albuminous seeds, 
and the fruit with sarcocarp and endocarp combined. 2. Diosme®, 
with exalbuminous seeds, and a 2-valved endocarp, which dehisces at 
the base, and when the fruit is ripe separates from a 2-valved sarcocarp. 
R-ute® are found chiefly in the southern part of the temperate zone, 
as in the south of Europe, while Diosme® abound at the Cape of Good 
Hope, and in New Holland. Bindley mentions 48 genera, and400 species. 
Examples — Ruta, Dictamnus, Diosma, Barosma, Correa, Boronia. 

828. The plants are remarkable for their peculiar odour, which is 
very powerfuJtand penetrating. Many have antispasmodic properties, 
while others are bitter, and act as febrifuges and tonics. The leaves 
and unripe fruit of Ruta graveolens , common or garden Rue, are used 
in medicine as stimulants, antispasmodics, anthelmintics, and emmena- 
gogues. They emit when bruised a strong and peculiar oppressive 
odour, and have a bitter and acrid taste. By distillation with water, 
they yield a yellow acrid volatile oil, which is their active constituent. 
The leaves of various species of Barosma , especially B. crenata or 
crenulata, and serratifolia, are used in medicine under the name of 
Bucku or Buchu. They contain a yellowish volatile oil, having a 
powerful odour, and they have been used as stimulants and antispas- 
modics. They are prescribed in cases of irritation and catarrh of the 
bladder in the form of infusion and tincture. Galipea officinalis, a 
plant found in Columbian Guiana, supplies the Angustura bark, which 
is used as a tonic and febrifuge. It is probable that Galipea Cusparia , 
sometimes called Bonplandia trifohala , also furnishes a variety of An- 
gustura bark. On the continent, Angustura bark is sometimes 
adulterated with the poisonous bark of Strychnos Nux vomica. Some 
of the species of Dictamnus , such as D. Fraxinella , False Dittany, 
abound in volatile oil to such a degree that the atmosphere around 
them becomes inflammable in hot, dry, and calm weather. The 
Correas are remarkable for their gamopetalous corolla. The leaves of 
some of the species have been used for tea in New Holland. 
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829. Order 57. — Xanthoxyiaceie or Zanthoxyiacese* the Xanthoxy- 
lon Family. (Polypet Hypog.) Flowers unisexual. Calyx in 3, 4, or 5 
segments, with imbricated aestivation. Petals the same number, rarely 
0 , usually larger than the calyx ; aestivation imbricated or convolute. 
Stamens as many or twice as many as the petals, not developed in the 
female flowers. Ovary consisting of as many carpels as there are petals 
(sometimes fewer), the carpels being either completely or partially 
united (fig. 380) ; ovules 2, rarely 4, in each carpel ; styles more or 
less combined (fig. 380 5 ). Fruit baccate or membranous, sometimes 
of 2-5 cells, sometimes of several drupes, or 2 valved capsules, of 
which the fleshy sarcocarp is partly separable from the endocarp. 
Seeds solitary or in pairs, pendulous ; embryo lying within fleshy al- 
bumen ; radicle superior ; cotyledons ovate, flat. — Trees or shrubs, 
with exstipulate, alternate, or opposite leaves, having pellucid dots. 
They exist chiefly in the tropical parts of America. Lindley enume- 
rates 20 genera, including 110 species. Examples — Xanthoxylon, 
Toddalia, Ptelea. 

830. The plants yield a volatile oil, which is aromatic and pungent, 
Some are diaphoretic in their properties, others are febrifugal and 
tonic. The pungency of species of Xanthoxylon lias caused them 
sometimes to be denominated peppers. Xanthoxylon fraxineum , or 
prickly ash, acts as a sialagogue. X. curibccum has a bitter and febri- 
fugal bark. The bitter principle secreted by many ol the plants of 
this order is called Xanthopicrine. 

831. Order 58. — Siimiiubaet-ap, the Quassia and Simaruba Family. 
(Polypet. Hypog.) Flowers usually hermaphrodite. Calyx in 4 or 5 
divisions ; aestivation imbricated. Petals 4 or 5, spreading or connivent 
into a kind of tube ; aestivation twisted. Stamens twice as many as 
the petals ; filaments arising from scales. Ovary 4-5-lobed, 4-5 -celled, 
supported on a gynophore ; ovules solitary ; style simple ; stigma 
4-5-lobed. Fruit indehiscent, consisting of 4 or 5 drupes arranged 
round a common receptacle. Seeds anatropal, pendulous; embryo 
exalbuminous. — Trees or shrubs, with exstipulate, alternate, usually 
compound leaves without dots. They are found in the tropical parts 
of America, Asia, and Africa. Lindley gives 10 genera, and 35 species. 
Examples — Simaruba, Quassia, Picrama. 

832. All the plants of the order are intensely bitter. Quassia wood 
was originally the product of Quassia amara , a tall shrub, never above 
15 feet in height, inhabiting Surinam, Guiana, and Colombia. It is 
a very ornamental plant, and has remarkable pinnate leaves, with 
winged petioles. In their early state, the leaves seem to be simple, 
but in the progress of growth two or more contractions take place, at 
each of which two leaflets appear, the pairs being separated by a 
winged midrib, — a continuation of the petiole. This Surinarotjuassia 
does not appear to be exported now, and it is not met with in English 
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trade. A thriving specimen was recently sent to the Edinburgh Botanic 
Garden by Professor Syme. The Quassia of the shops is the wood of 
Simaruba or Picrcena excelsa , a very large forest tree, attaining a 
height of nearly 100 feet, growing in Jamaica and other West Indian 
islands, where it is called Bitter Ash, and Bitter Wood. Quassia is 
used medicinally, in the form of infusion and tincture as a tonic and 
anthelmintic. It acts as a narcotic poison on flies and other insects. 
Although prohibited by law, it is frequently employed by brewers as 
a substitute for hops. The bitterness of Quassia is said to he owing 
to a crystalline principle called Quassin. The bark of the root of 
Simaruba amara or officinalis , a tree found in Cayenne and in the 
West Indies, is used as a bitter tonic and astringent, more especially 
in the advanced stages of diarrhoea and dysentery. Brucea antidysen- 
terica was at one time erroneously supposed to furnish false Angustura 
bark. It has properties similar to those of Quassia. Malombo bark 
is probably yielded by a species of Quassia. 

833. Order 51). — ©cinmc«a», the Ochna Family. ( Polypet . Hypog.') 
Sepals 5, persistent, imbricated in aestivation. Petals equal to, or 
twice as many as the sepals, deciduous, spreading, imbricated in eesti- 
vation. Stamens 5, opposite the sepals, or 10, or indefinite; filaments 
persistent, attached to a hypogynous disk ; anthers bilocular, innate, 
opening by pores, or longitudinally. Carpels as many as the petals, 
seated on an enlarged gynobase (thecaphore) ; ovule erect or pendu- 
lous, styles united into one. Fruit gynobasic, consisting of several 
succulent, indehiscent, monospermous carpels. Seeds anatropal, usually 
exalbuminous ; embryo straight ; radicle short ; cotyledons thick. — 
Undershrubs or trees, with alternate, simple, stipulate leaves, and 
pedicels articulated in the middle. They grow in tropical countries, 
and are remarkable for the large succulent prolongation of the recep- 
tacle to which the carpels are attached. They are generally bitter, 
and some of them are used as tonics. Lindley enumerates 6 genera, 
comprehending 82 species. Examples — Ochna, Gomphia, Castela. 

834. Order GO. — CoHnriaeeas the Coriaria Family. ( Polypet . 
Hypog.) Flowers unisexual. Calyx campanulate, 5-parted ; aestiva- 
tion imbricate. Petals alternate with the caiycine segments, very small, 
fleshy, with a keel on the internal surface. Stamens 10 (fig. 537) ; 
filaments filiform, distinct; anthers dithecal, oblong. Ovary composed 
usually of 5 carpels, attached to a thickened receptacle or gynobase, 
5-celled ; ovules solitary, pendulous ; style 0 ; stigmas 5, long and 
glandular. Fruit, consisting of 5, monospermous, indehiscent crus- 
taceous carpels, enclosed by the enlarged petals. Seeds pendulous, 
anatropal, e^lbuminous; embryo nearly straight; cotyledons fleshy; 
radicle short and blunt. — Shrubs with opposite square branohes, oppo- 
site, simple, ribbed leaves, and scaly buds. They are found in small 
numbers in the south of Europe, South America, India, and New 
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Zealand. Some of them are poisonous. The leaves of Coriaria myrti- 
fotia have been employed to adulterate Alexandrian Senna on the 
continent. The leaves are known from those of true Senna by 
being 8-ribbed. The leaves are used for dyeing black, and an infusion 
of them gives a dark -blue with sulphate of iron. Genus 1 ; species 8. 
Example — Coriaria. 


Subclass II.— Cai.ycifloile. 

885. In this subclass are included the Polypetalous orders of 
Jussieu, in which the stamens are not hypogynous, as well as some 
monopetalous and diclinous orders. A calyx and corolla are present, 
in other words, the plants are Dichlamydeous ; the petals are distinct 
or united, and the stamens are attached to the calyx, — being Perigy- 
nous or Epigynous. This subclass, along with Thalamiflorse, com- 
prises the Dialypetalae of Endlicher. There is also inclined in it the 
Gamopetalm in which the ovary is inferior. 

Section 1. — Polypetala:. Petals separate, stamens Perigynous or 
Epigynous. 

836. Order 61. — Stackhonsinrew, the Stackhousia Family. (Po/t/- 
pstal. Perigyn .) Calyx 5-cleft, equal, with an inflated tube. Pe- 
tals 5, equal, inserted at the top of the tube of the calyx, claws of 
the petals united, limb narrow and stellate. Stamens 5, unequal, 
attached to the tube of the calyx. Ovary superior, 3-5-celled, cells 
partially distinct ovules solitary, erect ; styles 3-5, sometimes united 
at the base ; stigmas simple. Fruit consisting of 3-5 indehiscent 
pieces, which are sometimes winged, and are attached to a central 
persistent column. Seed%anatropal ; embryo long, erect, in the axis 
of fleshy albumen. — Shrubs with simple, entire, alternate, stipulate, 
leaves, found in New Holland, and not possessing any marked proper- 
ties. Lindley notices 2 genera, and 10 species. Example — Stack- 
housia. 

837. Order 62. — Ceiastrace«, the Spindle-tree Family. ( Polypet . 
Perigyn .) Sepals 4-5, imbricated in aestivation. Petals 4-5, with a 
broad base, and an imbricated aestivation, rarely wanting. Stamens 
alternate with the petals; anthers erect. Disk large, flat, and expanded, 
surrounding the ovary to which it adheres. Ovary superior, 2-5- 
celled ; ovules ascending, one or numerous, attached to the axis by a 
short funiculus. Fruit either a 2-5-cclled capsule, with loculicidal 
dehiscence, or drupaceous. Seeds one or many in each cfcll, anatropal, 
usually ascending, and sometimes arillate (figs. 481, 482); albumen 
fleshy; embryo straight, with flat cotyledons and a short radicle. — 
Small trees or shrubs, with simple, alternate, rarely opposite leaves, 
and small deciduous stipules. They inhabit the warm parts of Europe, 
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North America, and Asia, and many are found at the Cape of Good 
Hope. The order contains 24 known genera, and 2G0 species. It 
has been divided into two tribes: — 1. Euonymese, with capsular fruit, 
2. Elaeodendrese, with drupaceous fruit. Example* — Celastrus, Eu- 
onymus, Elasodendron. 

888. The plants of the order have subncrid properties, and the 
seeds of some yield a useful oil. Those of Celastrus 7tutans , or puriicu - 
latus , are said in India to be ol a stimulant nature, and to be used as a 
remedy in the disease called Beriberi. Some of the species of Ce- 
lastrus , as C. venenatus , are reckoned poisonous. The seeds of Euony- 
muSy Spindle- tree, are surrounded by an aril, or rather arillode, which 
is considered as a prolongation from the exostome (figs. 481, 482). 
In some of the species the capsules are crimson, and with the bright 
scarlet arillodes, they present a very showy appearance when the fruit 
is ripe. The bark of Euonymus tingens tarnishes a yellow dye. It is 
used to mark tbetika on the forehead of the Hindoos. It is also con- 
sidered useful in diseases of the eye. The young shoots of Euonymus 
europceus, when charred, are used to form a particular kind of draw- 
ing pencil ; its fruit and inner bark are said to be purgative and emetic. 

839. Order 63. — fcmpbyieacca?, the Bladder-nut Family. ( Polyptt . 
Perigyn.) (Fig. 539.) Sepals 5, united at the base, coloured, imbri- 
cated in aestivation. Petals 5, alternate, with an imbricated aestivation. 
Stamens 5, alternate with the petals. Disk large and urceolate. 
Ovary 2-3-celled, superior ; ovules usually ascending ; styles 2-3, 
cohering at the base. Fruit membranous or fleshy, indehiscent or 
opening internally, often partly abortive. Seeds anatropal, roundish, 
truncate at the hilum, with a bony testa; albumen generally 0 ; em- 
bryo straight, with thick cotyledons and a small inferior radicle. — 
Shrubs, with opposite, pinnate leaves, having stipules and stipels (% 
161). By many authors they are included under the last order. 
The plants are irregularly scattered over the globe, and are found in 
Europe, America, and Asia. Some of them appear to be subacrid, 
while others are bitter and astringent. The species of Staphylea 
receive the name of bladder-nut, on account of their inflated bladder- 
like pericarp. They are cultivated as handsome shrubs. Three 
known genera are enumerated, and 14 6pectes. Example — Staphylea. 

840. Order 64. — Uhamnacesc. the Buckthorn Family. ( Polypet . 
Perigyn.) Calyx 4-5-cleft, vulvate m aestivation. Petals distinct, 
hooded or convolute, inserted into the throat of the calyx, sometimes 
0. Stamens definite, opposite the petals. Disk large, fleshy, flat or 
urceolate. Ovary superior or half superior, 2-3 or 4-celled ; ovules 
solitary, erect, anatropal. Fruit fleshy and indehiscent, or dry and 
separating into three parts. Seeds erect; albumen fleshy, rarely 0; 
embryo about as long as the seed, with a short interior radicle, and 
large flat cotyledons.— Trees or shrubs, uiten spiny, with simple, alter- 
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nate, rarely opposite leaves, and minute stipules. They are generally 
distributed over the globe, and are found both in temperate and tropi- 
cal regions. There are 42 genera, and 250 species enumerated. 
Examples — Rhamnus, Ceanothus, Phylica, Pomaderris. 

841. Many of the plants of the order have active cathartic proper- 
ties. Some, however, yield edible fruit, and others are tonic and 
febrifugal. Rhamnus catharticm , common or purging Buckthorn, is a 
European shrub, the black succulent fruits or berries of which are 
used as a hydragogue cathartic in cases of dropsy. The greenish 
juice becomes gradually red by the formation of acetic acid in it. It 
may be preserved unchanged in the form of syrup. When mixed 
with lime and evaporated to dryness, it forms the colour called sap- 
green. The fruit of Rhamnus Frangula , Black Alder, is emetic and 
purgative. The berries of Rhamnus infectorius, as well as those of other 
species, are known by the name of French berries. They have been 
used for dyeing yellow. The fruit of many species of Zizyphus is 
used for food; Zizyphus Jujuba supplies the fruit called Jujube; and 
the Lotus, or Lote-bush of the classics, whence the Lotophagi were 
named, is Zizyphus Lotus. A kind of Scinde lac is found on Zizyphus 
Jtjjuba. Pciliumts aculealus , Christ’s- thorn, is common in the hedges 
of Judaea. Ceanothus Avuiicanus is used in America as an astringent, 
and its leaves, under the name of New Jersey Tea, have been used 
as a substitute for tea. The leaves of Sageretia theezans are used for 
the same purpose by the poorer classes in China. 

842. Order 65. — Aimrardintra, the Cashew-nut Family. ( Polypet . 
Perigyn ) Flowers usually unisexual. Calyx usually small and per- 
sistent, with 5, or sometimes 3-4-7 divisions. Petals equal in number 
to the calycine divisions, perigynous, sometimes 0 ; imbricated in 
aestivation. Stamens either equal to the petals in number and alter- 
nate with them, or twice as many or more ; filaments distinct or 
cohering at the base, usually perigynous. Disk fleshy, annular or 
cup-shaped, sometimes inconspicuous. Ovary single, rarely 5 or 6, 
free or adhering to the calyx, 1 -celled ; ovule solitary, attached by a 
funiculus to the bottom or along the side of the cell ; styles 1-3, 
occasionally 4 ; stigmas 1-3 or 4. Fruit usually drupaceous and 
indehiscent. Seed ascending or frequently pendulous, from the ad- 
herence of the funiculus to the angle of the cell, exalbuminous ; 
radicle inferior or superior, sometimes curved suddenly back ; cotyle- 
dons thick, fleshy, or leafy. — Trees or shrubs, with a resinous, often 
caustic juice, and alternate leaves without dots. The order is a sub- 
division of the Terebinthaceje of Jussieu. The plants inhabit chiefly 
the tropical parts of America, Africa, and India ; some, however, aye 
found in Europe. The order is unknown in New Holland. There 
are 41 known genera, and 95 species. Examples — Anacardium, 
Jjthus, Mangj|era, Spondias. 
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843. The order is characterized by the presence of an acrid resinous 
juice. In some cases, however, the fruit of the plants is edible. Many 
of them supply varnishes. Anacardium occidental furnishes the 
Cashew-nut, which is remarkable for its large succulent peduncle 
supporting the fruit or nut (fig. 227). The pericarp has the acrid 
properties which pervade the order, while the seed is eatable. The 
fleshy peduncle is acid and edible, and a bland gum exudes from the 
bark. Pistacia vera is the Pistacia or Pistachio nut-tree, which 
extends from Syria to Bokhara and Caubul, and is cultivated in the 
south of Europe. It has green -coloured oily kernels, which are used 
as articles of diet. P. Terebinthus is a native of the southern part of 
Europe, and the northern part of Africa, and yields a liquid resinous 
exudation, known as Chian turpentine. The turpentine receives its 
name on account of being collected in the island of Ohio or Scio, 
where the plant thrives. The tree attains a height of 30 or 35 feet, 
and one tree will yield ten ounces of the liquid resinous matter, which 
thickens on exposure to air, by the loss of volatile oil. Like other 
turpentines, it has diuretic and excitant properties. Pistacia Lentiscus, 
a native of the coasts and islands of the Mediterranean, furnishes the 
concrete resinous exudation called Mastiche or Mastic. It is a bush 
of about 10 or 12 feet in height, which is cultivated abundantly in 
the island of Chios. Mastic is used as a masticatory for consolidating 
the gums and cleansing the teeth. It has also been employed as an 
antispasmodic, and it enters into the composition of varnishes. Rhus 
Toxicodendron , Poison-oak, is a shrub found in Canada and the 
United States, the leaves of which have been used as stimulants in 
cases of palsy. Like the other species of this genus, it yields an 
acrid milky juice, which becomes black on exposure to the air. Rhus 
radicanSy Poison-ivy, or Poison-vine, is probably another name of the 
same species. Rhus venenata , Poison-sunfkcb, or Poison-elder, has 
acrid, poisonous properties, and contact with it, *In some instances, 
gives rise to inflammation of the skin. Cases are related of persons 
who are peculiarly liable to be thus affected, and in whom the irritation 
caused by the juice of the poisonous species of Khus is very great, 
and even alarming. Rhus conaria , R. typhina , ind R. glabra axe used 
for tanning, and their fruit is acid. Rhus Cotmus is called Arbre d 
petTuque in France, on account of the hairy appearance presented by 
its abortive pedicels. Many o£ the plants in this order furnish varnishes 
and marking ink. Semecarpus Anacardium, commonly called the 
Marking-nut tree, supplies the Sylhet varnish, while Melanorrhoea 
usitatissima furnishes that of Martaban. Stagmaria vemicijlua is the 
source of the hard black varnish called Japan Lacquer. The leaves 
of many of the species of Schinus ) as S. Molle , when broken and 
thrown on the surface of water, send out a resinous matter with great 
force, so as to cause a sort of spontaneous motion by the recoiL 
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Although a resinous principle pervades the plants of this order, yet 
in some cases it is not developed in the fruit, which becomes eatable. 
Of this an illustration is furnished by the Mango, the produce of 
Man gif era indica . The Hog-plums of the West Indies are furnished 
Vy various species of Spondias , as S. purpurea and Mornbin . 

' 844. Order 66. — Amyridace*, the Amyris Family. ( Polypet. 
Perigyn.) Flowers usually bisexual, sometimes unisexual by abortion. 
Calyx persistent, regular or nearly so, with 2 to 5 divisions. Petals 
3-5, inserted at the base of the calyx ; aestivation valvate or imbricated. 
Stamens twice or fcnr times as many as the petals, perigynous. Disk 
covering the base of the calyx often in a ring-like manner. Ovary 
superior, sessile, 1-5 celled ; ovules in pairs, anatropal, pendulous or 
suspended ; style 1 or none ; stigma simple or lobed, sometimes 
capitate. Fruit dry, 1-5-celled, indehiscent, or its epicarp splitting 
into valves. Seeds solitary, exalbuminous, with a superior radicle next 
the hilum, and cotyledons, which are fleshy or wrinkled. — Trees or 
shrubs, abounding in resin, with opposite or alternate compound leaves, 
which are frequently stipulate and dotted. They are natives of tropical 
regions. There are two suborders : — 1. Amyridem, with an unilocular 
ovary. 2. Burserese, with a 2-5-celled ovary. Some look upon the 
stamens of Amyridese as truly hypogynous, and consider the order as 
allied to Aurantiaceae. Lindley gives 22 genera, and 45 species. 
Exampin — Amyris, Boswellia, Bursera, Balsamodendron. 

845. The plants yield a fragrant balsamic and resinous juice, which, 
in a dry state, is often used as frankincense, and is employed medici- 
nally as a stimulant or expectorant. The resinous substance called 
Elemi seems to be obtained from one of the plants of this order. 
Linnaeus referred it to Amyris elemifera , under which name several 
species seem to be included. Some authors think that Icica Icicartba 
furnishes elemi in Brazil, while Koyle refers a Mexican kind to Eda- 
pkrium elemifenm ; and other varieties, according to Christison, are 
probably the produce of Canarium commune and balsamiferum. The 
resin contains a stimulant volatile oil. Boswellia serrata , a large In- 
dian tree, supplies the gum-resin called olibanum, or the true frankin- 
cense of the ancients, the npb of the Scriptures. It contains a vola- 
tile oil, and has been used as a stimulant, and as a material for fumi- 
gation. Balsamodendron ( Protium ?) Myrrha y a shrub growing in 
Abyssinia, appears to be the source of the officinal myrrh, the -no of the 
Bible. It is a bitter aromatic gum-resin, containing volatile oil, and 
was used in ancient times as frankincense. It is a heating stimu- 
lant, and i 9 employed medicinally as an emmenagogue and diaphoretic, 
as well as for arresting various mucous discharges. The resin called 
Bdellium is procured from various species of Balsamodendron, as B> 
africanum and RoxburghiL The celebrated balsam called Balm of 
Gilead, is an exudation from Balsamodendron gileadense . Tacamabac 
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is procured from Elctphrium tomentosum. Various other balsams and 
resins are yielded by plants of this order. Amyi'is toxifera is said to 
be poisonous. 

846. Order *67. — Connaraceee, the Connarus Family. {Polypel. 
Perigyn.) Flowers bisexual, rarely unisexual. Calyx 5-partite, regu- 
lar, persistent ; eestivation imbricate or valvate. Petals 5, inserted at 
the base of the calyx. Stamens twice as many as the petals, inserted 
with them, and doubtfully hypogynous ; filaments united at the base. 
Ovary consisting of one or more separate carpels, each having a ter- 
minal style, and a dilated stigma ; ovules in pairs, collateral, ascending, 
orthotropal. Fruit follicular, dehiscing along the ventral suture. 
Seeds solitary or in pairs, erect, with or without albumen, sometimes 
arillate ; embryo with a superior radicle, remote from the hilum, and 
cotyledons, which are either fleshy or leafy. — Trees or shrubs, with 
compound, alternate, exstipulate leaves, which are not dotted, Mhey are 
tropical plants, and according to Endlicher are common in America. 
Some of them have febrifugal properties. Omphulobium Lcuaberti is 
said to furnish Zebra- wood. This order, as well as the orders Ana- 
cardiaceae and Amyridacem, are by many considered truly hypogynous, 
and as belonging to Thalamiflorae. Lindley includes them in his 
Kutal alliance He notices 5 genera, and 41 species. Examples — 
Connarus, Omphalobium, Cnestis. 

847. Order 68. — l^rgnmiuoNzc (Fab ace a) of Lindley), the Pea and 
Bean Tribe. (PolypeL Perigyn ). Calyx 5-partite, toothed, or cleft 
(figs. 593, 594 c c), with the odd segment anterior (If 357) ; seg- 
ments often unequal and variously combined. Petals 5 (figs. 593, 
594), or by abortion, 4, 3, 2, 1, or 0, inserted into the base of the 
calyx, sometimes equal, but usually unequal, often papilionaceous, 
with the odd petal superior (fig. 594 e). Stamens definite or indefinite, 
usually perigynous, distinct, or monadelphous or diadelphous (fig. 
594 <), or rarely triadelphous ; anthers bilocular^ versatile. Ovary 
superior, 1 -celled, consisting usually of a solitary carpel (fig. 594 <?), 
sometimes of 2-5 ; ovules 1 or many ; style simple, proceeding from 
the upper or ventral suture ; stigma simple (fig. 594 s). Fruit a 
legume (figs. 440, 469, 595), or a drupe. Seeds solitary or several 
(fig, 595), sometimes arillate, often curved (fig. 596); embryo usually 
exalbuminous, straight, or with the radicle bent upon the edges of the 
cotyledons (figs. 429, 516), which are either epigeal or hypogeal ( < fj’ 
629) in germination (fig. 597), and leafy (Phyllolobse) or fleshy 
(Sarcolobae). — Herbaceous plants, shrubs, or trees, with alternate, 
usually compound leaves, having two stipules at the base of the petiole 
(fig. 193), and two at the base of each leaflet in the pinnate leaves. 
Pedicels usually articulated. The flowers are frequently papilionaceous 
(fig. 292), and the fruit is commonly leguminous (figs. 460, 469> 470, 
471), and by the presence of one or other of these characters the order 
may be recognized. It is remarkable that one or other of these dis- 
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tinctions disappears in a great number of cases. Ceesalpinieae have 
irregular flowers with spreading petals and stamens adhering to the 
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calyx ; otliers have no petals at all, or some number less than five ; 
while Mimoseae have perfectly regular flowers and indefinite hypogy- 
nous stamens. Detarium and other plants of this family bear fruits 
not to be distinguished from a drupe. Leguminous plants and Rose- 
worts have so many features in common that it may be affirmed that 
no positive character has been discovered to distinguish the one order 
from the other, except the inferior position of the odd calycine lobe. 

848. The plants of the order are very generally distributed over the 
globe, but many genera are very limited in their range. De Candolle 
gives the following geographical distribution of the 3600 species known 
in his day > 

Figs 693-597.— Organs of fructification of Lathyrus oderatus, Sweet-pea, a papilionaceous 
flower, showing the structuie of tffe natural order Lcgummosae 

Fig. 593.— Diagram of the flower, showing live divisions of the calyx, 5 petals, consisting of 2 
parts forming the carina, 2 alse, and the vexillum, which is superior. 10 stamfens in 2 rows, dia- 
delphous; ovary 1-celled, formed by a single carpel ; one ol the ovules shown with its funiculus 
attached to the venti al suture. 

Fig. 694.— Longitudinal section of the flower of Lathvrus odoratm c r, Calyx, with five seg- 
ments e, Vexillum or standard, being the supeuor of posterior odd petal, cr, One of the alas, 
or wings, c, o, One-half of the cannu, or keel, t, 'llibe of the stamens, the filaments being united 
in two bundles, or diadelplious. o, Ovary laid open, showing the ovules attached to the placenta, 
on the ventral or upper sutuie. s , Stigma, at the apex of the style, which is continuous with the 
ventral suture. 

Fig 695.— Fruit, a Legume or Pod, opening by two valves, and dehiscing by the ventral and 
dorsal suture. Seeds attached on each side ot the ventral suture, curved upon tneraselves, having 
a marked hilum and funiculus (podosperm or umbilical cord ). 

Fig. 590.— A seed separated, y, Funiculus, c, Chalaza united to the ftmlculua oy the raphe 
m, Micropylev r foramen. 

Fig. 597.— «nbr>o, which occupies the entire seed after the spermoderm is removed, c, c, Two 
cotyledon* separated : they are fleshy and hypogeal, J.«. remain under ground during germina- 
tion. g, Gemmule or plumule, r, Kadicle. 
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Equinoctial America.. 605 

Basin of the Mediterranean. 468 

East Indies 452 

Cape of Good Hope 353 

Levant 250 

New Holland 229 

West Indies 221 

Europe, excepting the Mediterranean 134 

United States 133 

Mexico 152 

Equinoctial Africa 130 

Siberia 129 

Arabia and Egypt 37 

China, Japan, Cochin-China 77 

Isles of Southern Africa 42 

South America, beyond the tropics — 29 

Canaries 21 

South Sea Islands 13 


It is said that no native species occur in the islands of Tristan 
d’Acugna and St. Helena. 

The order has been divided into three suborders : — 1. Papilionaceae ; 
papilionaceous flowers, petals imbricated in aestivation, and upper one 
exterior. This suborder is subdivided into the tribes Podalyriese, 
Lotese, Video?, Hedysarece, Phaseolese, Dalbergiea?, Sophoreae • accor- 
ding to the nature of the filaments, whether free or variously united, 
the form and dehiscence of the legume, the cotyledons whether fleshy 
or leafy, and the simple or compound nature of the leaves. Examples 
— Podalyria, Lotus, Cytisus, Pisum, Iledysarum, Phaseolus, Dalbergia. 
2. Ceesalpinicae ; flowers irregular, sub-papilionaceous, petals spread- 
ing, imbricated in aestivation, upper one interior. Examples — 
Haamatoxylon, Caesalpima, Cassia, Swartzia, Amherstia, Bauhinia, 
Copaifera, and Ceratonia. 3. Mimosem; flowers regular, petals val- 
vate in aestivation. Examples — Parkia, Mimosa, Acacia. 

The number of known genera at the present day is about 530, 
including between f>000 and 7000 species. The following is the 
estimate of species in the different suborders and tribes, considered in 
reference to the flora of the globe and the flora of Britaiu (Bentham 


and Henslow) : — 


* 


8uborders. 

Tribes. 

Spenes. 

British species. 


r 1. Podalvriese 

350 . 

0 


2. Lotea*. wilh\ .. 


48) 


Viciese..../ .. 


23/ 

1. Papilionace* - 

3. Hedvbarese 

500 

4 ' 


4. Phaaeolcse 

050 

0 


5. Dalbergieas 

250 . 

0 


6. Sophorea) 

50 . 

0 

2. C&salpinie® 


700 . 

0 

3. Mimoseae 


1000 .. 

0 


6500 75 
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849. This is a very extensive and a very important natural order. 
It embraces many valuable medicinal plants, such as those yielding 
Senna, Gum-arabic, Tragacanth, Catechu, and Kino ; important dyes, 
as Indigo and Logwood ; many valuable timber trees, as Locust-tree 
and Rosewood ; plants furnishing nutritious food, such as the Bean 
and Pea. The properties of the order may be considered in general 
as wholesome, although it contains some poisonous plants. Lindley, 
however, says that the order must be considered upon the whole as 
poisonous, and that the plants used for food are exceptions to the 
general rule ; the injurious juices of the order not being in such 
instances sufficiently concentrated to prove injurious, being replaced 
to a considerable extent by either sugar or starch. 

850. Suborder Papilionacece. The plants in this section have fre- 
quently beautiful showy flowers ; for example, Robinia, Laburnum , 
Wistaria, Lvpinus , Glianthus , Erythriaa , or Coral-flower, Hovea . They 
are often nutritious. The various kinds of Clover, Beans, Peas, and 
PuTse belong to it. The common red Clover is Trifolium pratmse. 
White or Dutch Clover (T. repens) springs up frequently on ground 
recently cleared. The Shamrock is generally considered as a species 
of Tiefoil. Various species of Medick and Lucerne ( Medicago , fig. 471), 
ofSaintfoin ( Onobrychis ), and Melilot (Melilotus), are cultivated as food 
for cattle. Many are used for their medicinal qualities. Glycyrrliiza 
glabra, or Liquiritia officinalis, is the plant which yields liquorice-root. 
This plant is a native of the southern part of Europe, and it has been 
occasionally cultivated with success in Britain, especially at Pontefract 
in Yorkshire, and at Mitcham in Surrey. An extract is prepared from 
the root or underground stem by decoction in water, and subsequent 
inspissation. It owes its sweetness to a peculiar principle called 
Glycion, or Glycyrrhizin, which appears also to be present in the root 
and leaves of other papilionaceous plants, as Glycyrrhiza echinata and 
glandulifer a, Trifolium alpinum, and Abrus precatorius, Liquorice is 
used medicinally as a demulcent. A sweet secretion (a kind of Manna) 
is produced by Alhagi Maurorum. Astragalus verus , creticus , aristatus , 
gummifer , and other species, yield an exudation known by the name 
of Gum Tragacanth. A* verus seems to be the chief source of the 
European tragacanth. It is a shrub found in Asia Minor and Persia, 
and the gum is procured by exudation or incision. Tragacanth forms 
with cold water a bulky jelly, while it is soluble in boiling water. It 
contains both Arabia and Bassorin in its composition, and is used as a 
demulcent. Myrospermum, or Myroxylon peruiferum , yields the Balsam 
of Peru, while Myrospermum , or Myroxylon toluiferum , is the source of 
the Balsam of Tolu. These balsams are procured chiefly by making 
incisions in the trees. They consist of resinous and oily matter, with 
cinnamic acid, and they are used as stimulant expectorants. Pterocarpus 
Marsupium , a tree of the Indian forests, furnishes the concrete exuda- 



LEGUM1NO&®. 


4 ir 

tion called Kino. JButea frondosa , or the Dhak tree of the East Indies, 
yields a similar product ; it has bright orange-red petals, and a 
black calyx. African Kino is procured from Pterocarpus erinacem. 
Kino is used as a powerful astringent, and is administered in the 
form of powder and tincture. Broom-tops, procured from Cytisus 
(i Sarothamnus ) Scoparius , are used as a diuretic. The hairs from the 
legumes of Mucuna pruriens in the West Indies, and of M. Prurita 
in the East, under the name of Cowhage, or Cowitch, have irritating 
properties, and, mixed with syrup, they are used in the treatment of 
intestinal worms. The leaves of Colutea arborescens , Bladder-Senn« 
(fig. 470), are purgative, and are used abroad to adulterate the 
obovate or blunt-pointed Senna. The leaves of Tephrosia apollinea 
are also purgative, and are occasionally mixed with Alexandrian 
Senna. The bark of Andira inermis, the Cabbage-tree of the West 
Indies, acts as a purgative and anthelmintic. The fruit of Geoffroya 
superba , Umari, is much used by the inhabitants of Brazil on the 
banks of the Rio San Francisco ; the iruit is a drupe. 

Besides the plants which have active medicinal qualities, there are 
others which are valuable in commerce and the arts, as furnishing 
food, dyes, fibres, timber. Various species of Indigofera , as I. tinctoria 
and ccerulea , furnish the Indigo of commerce. Pterocarpus santcdinus 
yields red Sandal-wood, which is used as a dye. P. Draco yields 
Gum-Dragon, and P. Dalbergioides is said to yield Andaman redwood, 
and to be valuable both as a dye and as timber. Baptisia tinctoria 
gives a blue dye, and is the wild Indigo of the United States, Dal- 
bergia Sissoo is an Indian forest tree, which is valued on account of its 
wood. Crotalaria juncea supplies fibres, which are known as Sun or 
Bengal Hemp. The fragrant seeds of Dq)terix odorata are known as 
Tonka-beans. A similar fragrance is given out by some species of 
Melilot, the flowers and seeds of which are employed to give the 
peculiar odour to Gruyere cheese. Arachis hypogcea produces its 
legumes under ground, and receives the name of under-ground Kidney- 
bean, or Ground-nut. Erythrina monosperma yields Gum lao. The 
roots of Glycine Apios, or Apios tuber osa, are used as an article of food 
in America. Robinia pseudo-acacia is often, cultivated in Britain as 
the Locust-tree. The tree attains in Engfand a height varying from 
forty-five to eighty feet, and sometimes has a diameter of three feet. 
Its wood is durable. According to Bertoloni, a kind of Ebony is the 
produce of Fomasinia ebenijera , a papilionaceous plant, found in 
CafFraria, near Mozambique. Rosewood is said to be the timber of 
two or three species of Trioptolomea. It is rare to find papilionaceous 
plants produce double flowers. The Whin is one of the plants which 
exhibits this monstrosity. Desmodium or Hedysarum gyrans exhibits 
a remarkable irritability in its leaves (^[ 660). There are certain 
poisonous plants in this suborder. The seeds and bark of Cytrns 
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Laburnum are narcotic ; such is said also to be the case with those 
of Lathyru8 Cicera, and L. Apkaca. The roots of many species of 
Phcmdus, as P. * multiflorus , the Scarlet-runner, and P. radiatus, are 
poisonous. The branches and leaves of Tephrosia toxicaria , and the 
bark of the root of Piscidia erythrina , Jamaica Dogwood, are employed 
as fish poisons. Physostigma venenosvm yields the Calabar ordeal-bean. 
Gompholobium uncinatum has poisoned sheep in the Swan River colony. 
Coronilla varia acts as a narcotic poison. The leaves of it and of 
Coronilla Emerus are sometimes used to adulterate Senna. 

# 851. Suborder Ccesalpiniecs. In this section there are many plants 
which furnish purgative remedies. Among these may be noticed 
various species of Cassia. C. lanceolata , acutifolia , elongata , obtusata , 
and obovata, supply the various kinds of Senna known as Alexandrian 
or Egyptian, Tripoli, and East Indian Senna. Other species also, as 
Cassia marilandica, Absus, corymbosa, biflora, tomentosa , alata ) and Por- 
turegcdis, have purgative leaves. Cassia Fistula , called also Catharto- 
carpfts Fistula, has an indehiscent pod, divided by numerous transverse 
phragmata (fig. 395), and containing a laxative pulp, which is a secre- 
tion from the endocarp. A pulp having similar properties is procured 
from the pericarp of Tamardinus indica , the Tamarind-tree. The pod 
of Ceratonia Siliqua is known as the Algaroba-bean, and is used occa- 
sionally for feeding horses. The tree is denominated Carob-tree, and 
sometimes Locust-tree, or St. .John’s Bread, from an erroneous idea 
that the pods supplied food to John the Baptist in the wilderness. 
The pods o f II ymefuva Cotubaril , the West Indian Locust-tree, supply 
a nutritious matter ; its inner bark is anthelmintic, and the plant 
yields a kind of resin called Aninie. The bark of Guilaiidina Bonduc, 
the Nicker-tree, is bitter, tonic, and its seeds are said to be emetic. 
The curved pods of Ccvsalpinia cor tana, under the name of Divi- 
divi, are used for tanning. Ca’salpinia brasiliensis yields the Brazil- 
wood of commerce, and the Mora-wood of Guiana is yielded by 
a large tree called Mora excelsa . Many dyes are furnished by the 
plants of this suborder Hannatoxylon campechianum gives Logwood 
or Campeachy-wood, which is employed both as a dye and as an 
astringent. The inner wood is the part employed both in the arts 
and officinally. The albuftium is of a yellowish colour, and is not 
imported. The red colouring principle is Hematoxylin. Ccesalpinia 
echinata furnishes Pernarribuco-wood ; C. sappan , Sappan-wood, the 
Wukkum or Bukkum-wood of Scinde; Baphia nitida , Camwood. 
Various species of Copaifera , as C. Jacquinii , Langsdorffii , bigvga , 
muUiguga , Martii , Guianensis, coriacea , &c., furnish the Balsam of 
■ Copaiva, of which two kinds are distinguished — the West Indian and 
Brazilian. The balsam contains a resin and volatile oil. It is used 
in medicine as a stimulant, cathartic, and diuretic, and is especially 
jjl^loyed in the treatment of mucous inflammations. Cassia Chamw- 
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crista, marilandica , and nictitans, all exhibit, according to Bromfield, 
a high degree of irritability ; the leaflets close together almost as soon 
as gathered, and even when rudely handled or brushed by the feet in 
walking through the herbage. 

852. Suborder Mimosece. The plants of this section yield Gum in 
large quantity, and their bark is frequently astringent. Acacia 
Ehrenbergii, tortilis, Seyal , arabica , vera, gummifera , Adansonii, Verek , 
albida, and various other species, yield the gummy substances known 
as Gum Arabic, Gum Senegal, Barbary Gum, and East Indian Gum. 
A kind of gum is procured at the Cape of Good Hope from Acacia 
Karroo, and in New Holland, A. decurrens yields another variety. A 
variety of Indian gum procured from A. arabica , is called Babul, or 
Babool-Gum; Babul-wood is used for tanning in Scinde. These 
gums are all more or less nutritive and demulcent, and are administered 
in the form of mucilage, emulsion, or lozenges. The Wattles of 
Australia are species of Acacia , which furnish astringent barks. An 
extract made from them has been imported for the purpose of tanning. 
The inner wood of Acacia Catechu , an Indian shrub, furnishes a kind 
of Catechu, or Cutch, which contains much tannin, and is used for tan- 
ning, and as a powerful astringent. Some of the New Holland Acacias 
are remarkable for the peculiar development of the petiole, which 
assumes the form of a phyllodium (fig. 188 p). The large seeds of 
Entada scandens are sometimes carried by the winds and tides from 
the West Indies to the shores of the outer Hebrides. Acacia Seyal is 
supposed to be the Shittah Tree of Scripture which furnished Shittim 
wood. A.formosa supplies the Cuba timber called Sabicu. Some of the 
plants in this suborder display peculiar irritability in their pinnate 
leaves. This is particularly the case with Mimosa sensitiva and pudica, 
which are commonly called sensitive plants (^[ 659). Almost all of 
the pinnate- leaved Leguminous plants close their leaves in a marked 
way during darkness. 

853. Order 69. — uroringacea*, the Moringa Family. ( Polypet . 
Perigyn .) Calyx 5-partite ; aestivation slightly imbricated. Petals 5, 
rather unequal, upper one ascending. Stamens 8 or 10, peri gy nous ; 
filaments slightly petaloid, callous, and hairy at the base; anthers 
simple, 1-celled, with a thick convex connective. Disk lining the 
tube of the calyx. Ovary superior, stipitate, 1-celled ; ovules anatro- 
pal, attached to parietal placentas ; stylfc filiform ; stigma simple. 
Fruit a pod-like capsule, 1-celled, 3-valved, opening by loculicidal 
dehiscence. Seeds numerous, half buried in the spongy substance of 
the valves, sometimes winged, 'exalbuminous ; embryo with a superior, 
straight, small radicle, and fleshy cotyledons. — Trees, with bi- or tri- 
pinnate, stipulate leaves, natives of the East Indies and Arabia. Some 
of them are pungent and aromatic. The seeds of Moringa pterygo - 
sperma , Horse-radish tree, are winged, and are called Ben-nuts. From 
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them is procured a fluid oil, used by watchmakers, and called Oil of 
Ben. * The root is pungent and stimulant, and resembles Horse-radish 
in its taste. It is used as a stimulant in paralytic affections and in in- 
termittent fever. It is also a rubefacient Lindley places this order 
in his Violal alliance. He mentions 1 genus, and 4 species. Example 
— Moringa. 

854. Order 70. — Ro«ace«» the Rose Family. ( Polypet . Perigyn .) 
(Figs. 226, 235, 236, 276, 289, 385, 598). Calyx 4-5-lobed (fig. 
599 c c), the fifth lobe superior. Petals as many as the divisions of 
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the calyx, often 5 (fig. 599 p e ), sometimes wanting, perigynous, 
generally regular ; aestivation quincuncial (fig. 598). Stamens inserted 
with the petals (fig. 599 e ), definite or indefinite ; filaments incurved 
in aestivation; aDthers bilocular (fig. 600) dehiscing longitudinally 


Figs.^698-605 — Organs of fructification of Rubus stngosus, illustrating the natural order 

Fig. 598- — Diagram of the flower, vrtth five divisions of the calyx, 5 quincunclaJ petals, indefinite 
pegigynoUB stamens, and numerous Rucculent cai pels. 

Fig. 599.— The flower cut vertically, c e, Caljx pc, Petals, e, Stamens, d. Disk, lining 
the base of the calyx, upon which the stamens are inserted, pi. Pistil composed of sexprul 
carpels. 

Fig. 600.— Bilocular anther separated with the upper»part of the filament, seen on the outside. 

Fig. 60L— Ovanr, o, cut vertically, g , Exalbuminous, suspended seed, s, Lateral style. 

Fig 002 —Fruit. /, Fleshy carpels accompanied with the insistent calyx, c, connected with 
w hlch the withered filaments are seen. 

Fig 603.— Vertical section of a carpel, s. Lateral Style, m, Fleshy mesocarp or sarcocarp. 
e, Emlocarp. Jp-Seed. 

Fig. 604.-Jffipzontal Bection of the exalbuminous seed, t, Integument (spermoderm). c, Coty- 
ledons of th*pnbryo. 

Fig. 605.— Embryo isolated. It fills the entire seed. 
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(fig. 322). Ovaries superior, either solitary or several, unilocular 
(fig. 601), sometimes uniting so as to form a many-celled pistil; 
ovules 1, 2, or more, anatropal, suspended (figs. 373 g f 601 g), rarely 
erect; styles lateral (figs. 400, 601, 603); stigmas Usually simple. 
Fruit either achaenia (fig. 270) or drupes (figs. 373, 602), or follicles 
or pomes (fig. 472). Seeds erect or inverted, usually exalbuminous ; 
embryo straight, -with the radicle next the hilum (figs. 603, 605,) and 
leafy or fleshy cotyledons (figs. 501, 604). — Herbaceous plants, or 
shrubs, or trees, with simple or compound, alternate, stipulate leaves 
(fig. 191), and the flowers sometimes unisexual. They are found 
chiefly in the cold and temperate climates of the northern hemisphere. 
Some are found on high mountains within the tropics, and a few occur 
in warm regions. The superior odd lobe of the calyx distinguishes this 
order from Leguminosa* 

The order has been divided into the following suborders 1. 
Chrysobalaneae, petals and stamens more or less irregular ; ovary 
stipitate, its stalk adhering on one side to the calyx, style basilar 
(fig. 401), fruit a 1-2-celled drupe. 2. Amygdaleae (Drupaceae of 
Lindley), tube of calyx lined with a disk, styles terminal, fruit a drupe 
(figs. 308, 371-373). 3. Spiraecae, calyx-tube herbaceous, lined with a 

disk, fruit consisting of numerous follicles, seeds apterous. 4. Quillaiece, 
flowers unisexual, calyx-tube herbaceous, fruit capsular, seeds winged 
at the apex. 5. Sanguisorbeae, petals 0, tube of calyx thickened and 
indurated, lined with a disk, stamens definite, not solitary, enclosed in 
the calycine tube. 6. PotentilletB, calyx-tube herbaceous, lined with 
a disk which sometimes becomes fleshy, fruit consisting of numerous 
achaenia. 7. Roseae, calyx-tube contracted at the mouth, becoming 
fleshy, lined with a disk, and covering numerous hairy achaenia (figs. 
270, 289). 8. Pomem (Pomaceae of Lindley), tube of calyx more or 

less globose, lined with a fleshy and juicy disk, fruit a 1-5-celled 
(fig. 472) or spuriously 10-celled pomum. There are 82 known 
genera, and about 1000 species. Examples — Chrysobalanus, Ainyg- 
dalus* Prunus, Spiraea, Quillaia, Sanguisorba, Potentilla, Rubus, 
Fragaria, Rosa, Pyrus. 

855. Many of the plants of the order* yield edible fruits, such as 
Raspberries, Strawberries, Brambles, Plums, Apples, Pears, Quinces, 
Cherries, Almonds, Peaches, Nectarines, and Apricots. Some are 
astringent, others yield hydrocyanic acid. Those belonging to the 
suborder Chrysobalanece , are principally natives of the tropical parts 
of Africa and America. Many of them furnish edible fruits. The 
drupes of Chrysobalanus Icaco , are eaten in the West Indies under 
the name of Cocoa-plums. The root and bark are used as astrin- 
gents. 

The plants in the suborder Amygdcdece , are chiefly remarkable on 
account of the presence of hydrocyanic acid in their kernels, leaves, 
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or flowers. Amygdalus communis, the Almond-tree, grows naturally 
in B&rbary and in Asia, from Syria to Afghanistan. It is extensively 
cultivated in |he south of Europe. There are tw t o varieties of the 
tree, — <*. dulcis , yielding the sweet Almond, and /3. amara , yielding 
the bitter Almond. In the former, the style is much longer than the 
stamens, and there are glands on the base of the leaf ; while in the 
latter, the style is equal m length to the stamens, and the glands are 
situated on the petioles. The chief kinds of sweet Almonds are the 
Valentia, the Italian, and the Jordan Almonds ; the latter come from 
Malaga. Under the name of shell Almonds, they are often sold with 
the brittle endocarps on them. They consist chemically of a bland 
fixed oil, and a kind of vegetable albumen called Emulsin or Synap- 
tase. Bitter Almonds are imported from Mogadore. Besides a fixed 
oil and synaptase, they contain a bitter azotised principle called Amyg- 
dalin, which, when brought into contact with a solution of Emulsin, 
produces a volatile oil, containing hydrocyanic acid. This gives rise 
to the peculiar aroma of bitter Almonds, when mixed with water. 
Sweet Almonds are used medicinally, in the form of Emulsion, as de- 
mulcents. The hydrocyanated essential oil of bitter Almonds is sedative, 
and has been used as a substitute for Prussic acid. They sometimes 
produce derangement of the digestive functions, and give rise to nettle- 
rash. The leaves of Amygdalus persica {Persic a vulgaris of some), the 
Peach, contain a similar oil, and have been employed as sedative and 
vermifuge. The flowers of the Peach exhale the odour of bitter 
Almonds. Peaches are divided into Freestone and Clingtsone, ac- 
cording as the pulp (sarcocarp) separates easily from the endocarp or 
adheres to it. The fruit of Prunus domestica , the Plum-tree and its 
varieties, when dried, constitute Prunes, which are used medicinally, 
on account of their nutritive and laxative qualities. The leaves of 
Prunus or Cerasus Laurocerasus , Cherry Laurel, or common Bay Laurel, 
have been used medicinally, as anodyne and hypnotic remedies. The 
water distilled from them has poisonous properties, owing to the 
presence of a hydrocyanated oil, which seems to be developed in a 
similar manner as in the case of bitter Almonds. The oil exists in 
largest quantity in the young leaves. Prunus Lusitanica is the Por- 
tugal Laurel, which is extensively cultivated in Britain as an evergreen. 
The leaves of Prunus spinosa , the Sloe, have been used as a substitute 
for, as well as an adulteration of Tea. The fruit of a variety of Cerasus 
Avium, the Cherry, is used in the manufacture of Kirschenwasser. 
The kernel of Cerasus occidentalis is used for flavouring Noyau. The 
flavour of Ratafia, Cherry-brandy, and Maraschino, is due to the 
kernels of Cerasus. 

The suborder Pomece supplies many edible fruits, as Apples, Pears, 
Medlars (fig. 472), and Quinces. The seeds and occasionally the 
} and bark of some, yield hydrocyanic acid. All the cultivated 
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varieties of Apple are derived by grafting from the native species, 
Pyrus Malus ; while Pears have their origin in Pyrus communis. The 
seeds of Cydonia vulgaris (Pyi'iis Cydonia ), the Quince^ when boiled 
in water, yield a mucilaginous decoction, which has been used as a 
demulcent. Malic acid is found in some of the fruits of this suborder. 
Eriobotrya japonica yields the Loquat, a Japan fruit. 

The other suborders contain plants which are distinguished by 
astringent and tonic qualities. Geum urbannm and rivale (Avens) have 
been employed as tonics and astringents, as also the root of Potentilla 
Tcmnentilla (Tormentil). Brayeia < mthelrnintica , Cusso or Kousso, 
an Abyssinian plant, has been used as a vermifuge in cases of Taenia. 
The varieties of Scotch Roses are derived from Rosa spinosissima. The 
fruit of Row ettmna , the Dog-rose, which consists of the enlarged 
calyx and disk enclosing numerous achacnia (fig. 270), is beat into a 
pulp with sugar, after the hairy achenes have been removed, and used 
as an acidulous refrigerant and astringent The petals of Rosa gallica , 
Red, French, and Provins Rose, are employed in the form of infusion, 
as a tonic and slightly astringent remedy. The petals of Rosa cenii - 
folia, the Hundred-leaved or Cabbage-rose (fig. 88), and its varieties, 
R. damascena , Damask-rose, R. moschata , Musk-rose, &c., are em- 
ployed in the preparation of Rose-water, and of the oil or attar of 
Roses. It is stated by Dr. Christison, that 100,000 roses, the produce 
of 10,000 bushes of Rosa damascena , yield at Ghazeepore, near 
Benares, only 1 80 grains of attar. The iinest preparation of Rose 
as an odour is said to be prepared at Grasse in France. Oil of Roses 
is adulterated with sandal-wood oil. The bark of many species of 
Quillaia , as (2. saponaria , is used as a substitute for soap. 

856. Order 71. — Caiycanthaccac* the Caly can thus Family. ( Polypet . 
Perigyn .) Sepals and petals confounded, indefinite, combined in a 
fleshy tube; {estivation imbricated. Stamens oo, perigynous; anthers 
adnate, extrorsc, with longitudinal dehiscence. Ovaries several, 1- 
celled, adhering to the tube of the calyx ; ovules solitary or two, one 
above the other, anatropal; style terminal. Fruit consisting of aches* 
nia enclosed in the fleshy tube of the calyx. Seed exalbuminous ; em- 
bryo straight; cotyledons convolute; radicle inferior. — Shrubs, with 
square stems, consisting of a central woody mass, with four smaller 
ones around (If 90) ; leaves opposite, simple, scabrous, exstipulate. 
They are natives of North America and Japan. Their flowers are 
aromatic ; the bark of some is used as a carminative. Calycanthus 
floridus is called Carolina or common American Allspice. The order 
includes 2 genera, and 6 species. Examples — Caly can thus, Chimo- 
nanthus. 

857. Order 72.— i^yihracesc, the Loosetrife Family. ( Polypet . 
Perigyn). Calyx tubular, lobed, the lobes sometimes with intermediate 
lobes or teeth ; aestivation valvate. Petals alternate with the primary 
lobes of the calyx, very deciduous, sometimes 0. Stamens inserted 
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into the tube of the calyx a little below the petals, equal in number to 
them, or two, three, or four times as mauy ; anthers adnate, dithecal, 
intrors^ with longitudinal dehiscence. Ovary superior, 2-6-celled; 
ovules numerous, anatropal ; style filiform; stigma usually capitate. 
Fruit a dehiscent membranous capsule, surrounded by the calyx, but 
not adherent to it, sometimes 1 -celled by the obliteration of the dis- 
sepiments. Seeds numerous, small, apterous, or winged, exalbuminous, 
attached to a central placenta; embryo straight; cotyledons flat and 
foliaceous; radicle next the hilum. — Herbs and shrubs, with branches 
which are usually tetragonal, and with opposite, rarely alternate, entire, 
exstipulate leaves without glands. They are natives of Europe, North 
and South America, and India. The order is divided into two sub- 
orders: — 1. Lythrea 3 , with apterous (wingless) seeds. 2. Lager - 
stromieae, with winged seeds. Lindley gives 35 genera , including 300 
species. Examples — Lythrum, Cuphea, Lagerstromia. 

858. Many of the plants of the order are distinguished by astringent 
properties, and some are used for dyeing. Lythrum Scdicaria , Purple 
Loosestrife, or Willowstrife, a European plant, found also in Australia, 
has been used in cases of diarrhea, on account of the tannin in its 
composition. The flowers of (inska tonicntosa are employed in 
India, mixed with Morinda, for dyeing, under the name of Dhaee. 
Hernia salicifolia is said to possess diaphoretic properties, and is 
considered by the Mexicans as a potent remedy for venereal diseases. 
The Henna, or Alhenna of the Arabs, which is used in Egypt for 
dyeing orange, is the product of Lawsoma inermis. The Cupheas 
are remarkable for the mode in which the placenta bursts through 
the ovary and floral envelopes, so as to expose the seeds. 

859. Order 73. — Riii*ophoraec-ae, the Mangrove Family. (Polypet. 
Epigyn ). Calyx adherent, 4-12-lobed; aestivation valvate, or some- 
times calyptriform. Petals arising from the calyx, alternate with the 
lobes, and equal to them in number. Stamens inserted with the 
petals, twice or thrice their number; filaments distinct, subulate; 
anthers erect. Ovary 2-3-4-celled ; ovules 2 or more in each cell, 
anatropal. Fruit indehiscent, adherent to the calyx, and crowned by 
it, unilocular, monospermous. Seed solitary, pendulous, exalbumi- 
nous ; cotyledons flat ; radicle long, piercing the fruit. — Trees or 
shrubs, with simple opposite leaves, and deciduous interpetiolary 
stipules. They are found on the muddy shores of the tropics. 
There are 5 genera, and 20 species known. Examples — Khizophora, 
Kandelia. 

860. The plants of the order have frequently an astringent bark, 
which is in some cases used for dyeing black. Ithizophora Mangle , the 
Mangrove, forms thickets at the muddy mouths of rivers in tropical 
countries, and sends out adventitious roots which often raise the main 
trunk much above its original level, and give the tree the appearance 
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of being supported upon stalks. The fruit is sweet and eatable. The 
embryo germinates before the fruit falls, and the radicle is much 
elongated before the seed drops into the mud. The anther consists 
of numerous cells containing pollen. 

861. Order 74. — v©chy»tace», the Vochysia Family. (Polypet 
Perigyn.) Sepals 4-5, united at the base, unequal, the upper one 
largest and spurred; aestivation imbricated. Petals 2, 2, 3, or 5, 
alternate with the divisions of the calyx, and inserted into its base* 
unequal. Stamens 1-5, opposite to, or alternate with the petals, 
perigynous, one having an ovate, fertile, 4-celled anther, the rest 
being sterile. Ovary free, or partially adherent to the calyx, 3-celled ; 
ovules solitary or in pairs, rarely numerous, amphitropal or anatropal ; 
style and stigma one. Fruit a triquetrous, 3-celled and 3-valved 
capsule, usually with loculicidal dehiscence. Seeds usually 1-2 in each 
cell, erect, exalbuminous, attached to a central placenta; embryo 
straight; cotyledons large and leafy; radicle short and superior — 
Trees or shrubs, with opposite, entire, stipulate leaves. They inhabit, 
the warmer parts of America. Their properties are little known. 
Their flowers are reputed to be very sweet, and some are said to have 
a resinous juice. There are 8 genera enumerated, including 51 species. 
Examples — Vochysia, Qualea. 

862. Order 75. — C’ombretnc«3r, the Myrobalan Family. (Polypet. 
Epigyn.) Calyx 4-5-lobed, lobes deciduous. Petals arising from the 
orifice of the calyx, alternate with the lobes, or wanting. Stamens 
epigynous, twice as many as the lobes of the calyx, rarely equal in 
number, or thrice as many ; filaments distinct, subulate ; anthers di- 
thecal, dehiscing longitudinally or by recurved valves. Ovary adherent 
to the tube of the calyx, unilocular; ovules 2-4, pendulous; style 1 ; 
stigma simple. Fruit succulent or nut-like, inferior, unilocular, inde- 
hiscent, often winged. Seed solitary, pendulous, exalbuminous ; 
cotyledons leafy, usually convolute, sometimes plicate ; radicle turned 
towards the hilum. — Trees or shrubs, with alternate or opposite exsti- 
pulate, entire leaves. They are natives of the tropical regions of Asia, 
Africa, and America. The general property of the order is astringency. 
Many are used for tanning, and some for dyeing. The fruit of Ter- 
tninalia Belenca , and of T. Chebula , under the name of Myrobalans, 
is used as an astringent. The seeds of Terminally Catappa are eaten 
like almonds. The order has been divided into three suborders: — 
1. Terminalieae, petals 0, cotyledons convolute. 2. Combretese, petals 
present, cotyledons plicate. 3. Gyrocarpeae. petals 0, cotyledons con- 
volute, anthers dehiscing by recurved valves. There arc 22 genera 
enumerated by Lindley, including 200 species. Examples — Termi- 
nalia, Combretum, Gyrocarpus. 

863. Order 76. — Mchmoinacece, the Melastoma Family. ( Polypet . 
Perig, or Epigyn.) Calyx with 4, 5, or 6 divisions, which are more 

T 2 
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or less deep, or are sometimes united and separate from the tube like a 
lid. Petals equal to the segments of the calyx, perigynous, aestivation 
twisted. Stamens equal in number to the petals and alternate with 
them, usually with intermediate sterile ones ; filaments curved down- 
wards in the young state; anthers long, often beaked, bilocular, 
dehiscing by two terminal pores or longitudinally. Ovary more or 
less adherent to the calyx,* multilocular ; ovules usually 00 ; style 1 ; 
stigma simple, either capitate or minute. Fruit multilocular, either 
capsular, with loculicidal dehiscence, or succulent, combined with the 
calyx and indehiscent. Seeds oo , minute, attached to central pla- 
centas, exalbuminous ; embryo straight or curved; cotyledons some- 
times unequal, flat, or convolute. — Trees, shrubs, or herbs, with 
opposite, undivided, usually entire, often 3-9-ribbed leaves, not dotted. 
They are found chiefly in warm climates. Many are natives of 
America and India. There are no unwholesome plants in the order, 
and the succulent fruit of several is edible. A slight degree of astrin- 
gency pervades all the plants of the order, and hence some are used 
medicinally in cases of diarrhoea. The name Melcistoma black, 

and trTopu, mouth), is derived from the circumstance that the fruit of 
some dyes the lips black. There are two suborders. — 1. Melastomeae, 
with ribbed leaves and flat cotyledons. 2. Memecyleae, with ribless 
leaves and convolute cotyledons. Lindley notices 118 genera, com- 
prising 1200 species. Examples — Melastoma, Osbeckia, Lasiandra, 
Rhexia, Lavoisiera, Miconia, Charianthus, IStemecylon, Mouriria. 

864. Order 77. — Aiangiace®, the Alangium Family. ( Polypet . 
Epigyn ,) Calyx campanulate, adherent, 5-10-toothed. Petals 5-10, 
linear, reflexed, inserted into a fleshy disk, which is adherent to the 
calyx, and ovary ; aestivation twisted. Stamens long, exserted, 2 or 4 
times as many as the petals ; filaments distinct, villous at the base ; 
anthers bilocular, adnate, introrse, often sterile. Ovary {jjobose, uni- 
bilocular ; ovules solitary, anatropal ; style filiform ; stigma capitate 
or conical. Fruit .oval, fleshy, coherent with the tube of the calyx, 
and somewhat crowned by its limb, slightly ribbed ; endocarp some- 
times osseous, with a foramen at the apex. Seed solitary, anatropal ; 
albumen fleshy, brittle ; embryo straight ; cotyledons flat, foliaceous ; 
radicle long, superior. — Trees or shrubs, with alternate, exstipulate 
leaves, which are not dotted. They are found chiefly in India, some 
are natives of America ; some of the plants yield edible fruits, others 
are purgative. Lindley enumerates 3 genera, comprehending 8 species. 
Examples — Alangium, Nyssa. 

865. Order 78. — Phiiadeiphace®, the Syringa Family. ( Polypet . 
Epigyn!) Calyx with a 4-1 0-divide d, persistent limb. Petals alter- 
nate with the divisions of the calyx, and equal to them in number ; 
aestivation convolute, imbricate. Stamens oo (rarely 10), in one or 
two arising from the orifice of the calyx. Ovary adherent to 



1TYRTACEJ2. 


427 


tlie tube of tbe calyx ; styles distinct, or united into one ; stigmas 4 - 10 ; 
ovules oo , attached to a central plaoenta. Fruit a 4-10-celled cap- 
sule, free above. Seeds oo , scobiform, subulate, smooth, pendulous, 
with a loose membranous arillus; albumen fleshy; embryo straight, 
about as long as the albumen ; cotyledons flat; radicle next the hilum, 
obtuse. — Shrubs with deciduous, opposite, exstipulate leaves without 
dots; flowers usually in trichotomous cymes. They are natives of 
the South of Europe, of North America, Japan, and India. They have 
no marked properties. The flowers of Philadelpkus coronarius , Syrin^a, 
have a peculiar sweetish odour, which to some persons is overpowering 
and disagreeable. The smell is due to the presence of an oil. Deutzia 
scabra has a scurfy matter on its leitves, which, under the microscope, 
is seen to consist of beautiful stellate hairs. The leaves are in con- 
sequence used in Japan by polishers. Its inner bark is used for 
poultices. There are 3 genera enumerated, including 25 species. 
Examples — Philadelphus, Deutzia, Dccumaria. 

866. Order 79. — iUyrtac«», the Myrtle Family. (Polypet. Epigyn.) 
Calyx 4-5- 6 -8-cleft, the limb sometimes cohering at the apex, and 
falling off like a lid ; aestivation valvate. Petals attached to the calyx, 
alternating with its segments, and equal to them in number, with a 
quincuncial aestivation, rarely 0. Stamens inserted with the petals, 
twice as many as the petals, or oo ; filaments distinct, or united in one 
or more parcels, curved inwards m the bud ; anthers ovate, dithecal, 
with longitudinal dehisetence. Ovary adherent to the tube of the 
calyx, 1-6-celled; style and stigma simple; ovules anatropal, pendu- 
lous or erect. Fruit dry or fleshy, dehiscent or indehiscent. Seeds 
usually ao , attached to a central placenta ; mostly exalbuminous ; em- 
bryo straight or curved ; cotyledons distinct (fig. 514), or consolidated 
with the radicle, which is next the hilum. — Trees or shrubs, with 
opposite, rarely alternate leaves, which are usually entire and dotted, 
and frequdhtly have an intramarginal vein. They are natives chiefly 
of warm countries, as South America and the* East Indies. Many, 
however, are found in more temperate regions. Some of the genera 
are peculiar to Australia. The order lias been divided into the 
following suborders: — 1. Chamgelauciese, heath-like plants with a 1- 
celled ovary and capsule, and opposite dotted leaves. 2. Leptosper- 
meae, having a multilocular capsule, and opposite or alternate, usually 
dotted leaves. 3. Myrtete, having a baccate fruit, distinct stamens, 
opposite dotted leaves. 4. Barrington ieae, having a fleshy 1 -celled 
fruit, monadelphous stamens, albuminous seeds, opposite or verticillate 
leaves, not dotted. 5. Lecythideoe, having a multilocular woody cap- 
sule, which either remains closed or opens by a lid, monadelphous 
stamens, alternate, not dotted leaves. Several of these suborders are 
made separate orders by Lindley and others. There are 77 known 
genera, and upwards of 1400 species. Examples— Chamadaucium, 
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Calytrix, Lepfcospermum, Melaleuca, Metrosideros, Eucalyptus, Myrtus, 
Psidium, Eugenia, Caryophyllas, Barringtonia, Gustavia, Lecythis, 
Bertholletia. 

867 . Many of the plants of the order yield an aromatic volatile oiL 
This is particularly the case with those having pellucid dots in their 
leaves. Many yield edible fruits, others furnish astringent and saccha- 
rine substances. The leaves of some species of Leptospermum and 
Melaleuca are used as tea in Australia. The leaves of Melaleuca minor 
{ Cajuputi of some), a native of the Moluccas, yield the volatile oil of 
Cajeput. It is a very liquid oil, of a grass-green colour, having a 
pungent camphoraceous odour, and capable of dissolving caoutchouc. 
It is used medicinally as a stimulhnt and antispasmodic. Species of 
Eucalyptus constitute the gigantic gum-trees of Australia, some of 
which attain a height of two hundred feet. They are remarkable for 
their operculate calyx, winch may be considered as formed by several 
jointed leaves (like those of the orange), united throughout, and separ- 
ating at the articulation in the form of a lid (^f 366). Their bark also 
separates remarkably in layers. They yield an astringent matter, 
which has been used lor tanning. Eucalyptus resinifera , Brown Gum- 
tree of New Holland, furnishes Botany-Bay Kino, an astringent 
resinous-like substance, which exudes in the iorm of red juice from 
incisions m the bark. ^ single tree will yield sixty gallons. E . 
utanmfira gives a saccharine exudation resembling manna. A sac- 
charine substance, mixed with cellular hairs, Svlnch arse from a cup- 
like body, lias been sent to this country by Mr. Gay, Bund upon the 
leaves of E. dvmosa. it is called Burp by the natives, and is pro- 
duced by the attack of a spirit of insect belonging to the genus IVylla 
The wood of many species of M etrosidei'os is hard and dark-coloured. 
The flower-buds of Caryophyllus aromaticus {Eugenia caryophyllata ), 
a tree which was originally a native of the Molucca®, but is now 
cultivated in the East and West Indies, constitute the Clovfes of com- 
merce. They have the form of a nail, and, when examined, are seen 
to consist of the tubular calyx with aioundish projection formed by 
the unopened petals. They contain, a volatile oil, associated with 
resinous, gummy, and nstimgent matter. The oil is aromatic and 
acrid, and lias been mod as a condiment and a stimulant carminative. 
Pimento, Allspice, or Jamaica Pepper, is the berried fruit of Eugenia 
Pimento ( Myrtus Pimento ), a tree which is a native of the West Indies 
and Mexico The fiuit has an aromatic odour, and its taste combines 
that of cinnamon, nutmeg, and cloves, hence the name Allspice. It 
contains an acrid volatile oil, to which its properties are due. Medici- 
nally Pimento is sometimes employed as a stimulant and carminative. 
The fruit of Eugoua acn< is used for Pimento. Among the pulpy 

|ible fruits of the ordei may be noticed Guavas and Ilose-apples. 

he former are the produce of various species of Psidium , such as P. 
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pyriferum , pomiferum^ and Catlleyanum ; the latter are procured from 
species of Eugenia, as E. Jambos , and Malaccensis. The berries of the 
common Myrtle ( Myrtus communis ) are also used as food. Punica 
Qranatum , the Pomegranate- tree, is a native of the warmer parts of 
Asia and Northern Africa, whence it was introduced into Europe. It is 
the hen of Scripture. It produces dark scarlet flowers, formerly called 
Balaustia, which have been used as an astringent The fruit of the 
Pomegranate has given rise to much difference of opinion among 
botanists. It is composed, in the young state, of two rows of carpels, 
some of which are placed round the axis, and adhering to the bottom 
of the calycine tube, while others are placed outside, and adhere to 
the upper part of the tube The subsequent contraction of the tube 
of the calyx, and the peculiar adhesion of the placentas, according to 
Lindley, account for the anomaly in the fruit (Balausta, 550). The 
rind of the fruit (nialicormm), and the bark of the root, are used as 
anthelmintics, especially in cases of tape-worm. Jjccyihis ollaria , a 
large Brazilian tree, yields the woody capsules called Monkey-pots, 
which open by circumscissfle dehiscence. These seed-vessels seem to 
be formed in the same way as the calyx of Eucalyptus, the part where 
the lid separate^ indicating the articulations of the carpellary leaves* 
The seeds are eatable, and are relished by monkeys. The bark of the 
tree may be separated into numerous thin layers. Berthollctia excelw 
is the source of the Brazil nuts. 

868. Order 80.— Onn#mc«ir, the Evening-Primrose Family. (Poly- 
pet. Epigyn ,) Calyx tubular, the limb having usually 4 (fig. 899 l), 
sometimes 2, 3, or 6 divisions (fig. 531), which cohere in various 
ways; aestivation valvate. Petals usually equal in number to the 
calycine segments, regular (rarely irregular), inserted into the tube of 
the calyx (fig. 399 p ) ; aestivation twisted. Stamens usually 4 or 8 
(rarely 1 or 2, fig. 531), epigynous (fig. 399 e), filaments distinct; 
pollen triangular, usually cohering by threads. Ovary 2 -4-cell ed 
(figs. 384, 531), adherent (fig. 391) o), usually with an epigynous 
disk; style filiform; stigma capitate (fig. 399 s) or 4-lobcd ; ovules 
(figs. 884 Of 399 g) indefinite, rarely definite, anatropul. Fruit succu- 
lent or capsular, dehiscent or indelnscont, 1 -2-4-cellcd. Seeds usually 
qo, exalbuminous ; embryo straight, with a long slender radicle point- 
ing to the hilum, and short cotyledons. — Ileibs or shrubs, with alter- 
nate or opposite, simple, not dotted leaves, and with the jlarts of the 
flower usually tetramerous. They inhabit chiefly temperate regions, 
and are found abundantly in Europe, Asia, and America, and sparingly 
in Africa. Some yield edible fruits, as Fuchsia, others furnish edible 
roots, as CEnotkera biennis. Many of them have mucilaginous pioper- 
ties, while a few are astringent. Trapct has unequal cotyledons. T. 
natanSf Water Chestnut, and T. bicornis, remarkable for its horned 
fruit, both supply edible seeds. There are about 30 known genera, 
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and upwards of 450 species. Example* — (Enothera, Epilobium, 

Jussisea, Montinia, Fuchsia, Circsea, Gaura, Trapa. 

869. Order 81. — Hai«rageace», the MareVTail Family. ( Polypet . 
Epigyn .) Calyx with a minute limb, which is either 3-4-divided or 
entire ; it is sometimes reduced to a mere rim. Petals epigynous or 
0. Stamens epigynous, equal in number to the petals, or twice as 
many, rarely fewer; when the petals are wanting, stamens often 1 or 
2. Ovary cohering with the tube of the calyx, with 1 or more cells, 
sometimes tetragonal or compressed. Style 0, what is frequently called 
the styles being the papulose stigmas, which are equal in number to 
the cells; ovules pendulous, anatropal. Fruit dry, indehiscent, mem- 
branous or bony, with 1 or more cells. Seed solitary or in pairs, 
pendulous ; albumen flediy or thin ; embryo straight, or slightly 
curved, in the axis of the albumen; cotyledons minute; radicle superior, 
long. — Herbs or undershrubs, often aquatic, with large air cavities, 
having alternate, opposite, or whorled leaves, and axillary, sessile 
flowers, which are occasionally unisexual. They are found in ditches 
and lakes in various parts ol the world. They have no properties of 
importance. There are 8 known genera, and about 70 species. Ex- 
amples — llippuns, Myriophyllum, Haloragis, Callitriche. 

870. Order 82. — the Chili-Nettle Family. ( Polypet . 
Epigyn). Calyx 4 -5-part ed, persistent, spreading in aestivation 
Petals 5, cucullate, epigynous, alternate with the segments of the calyx, 
sometimes with an inner row of 5, which are either similar to the outer 
or dissimilar ; aestivation indexed, valvatc, or twisted. Stamens oo , in 
several rows, distinct, or polyadelphous, each parcel being opposite the 
outer petals ; filaments subulate, unequal, the outer ones often sterile. 
Ovary inferior, 1 -celled, with parietal placentas; ovules anatropal; 
styles combined into 1 ; stigma 1 or several. Fruit capsular or suc- 
culent, 1-celled. Seeds without an arillus; embryo straight, in the 
axis of fleshy albumen ; cotyledons small, flat ; embryo pointing to the 
hilum. — Herbaceous plants, hispid with stinging hairs, having oppo- 
site or alternate oxstqmlate leaves, and axillary 1 -flowered peduncles. 
They are American plants chiefly distinguished for their stinging 
qualities, and hence the name of Chili-Nettle. The roots of Mcutzclia 

a Mexican heib, are said to possess purgative qualities. Ibeie 
are 15 genera enumerated by Lindley, including 70 species. Ex- 
amples — Loasa, Mentzeha, Grortovia. 

871. Order 83. — « uruibimrcrc, the Cucumber Family. ( Polypet . or 
Monopet. Epigyn and Diclinm.) Calyx 5-toothed (figs. 396/, 606 c), 
sometimes obsolete. Petals 5, distinct, or more or less united, some- 
times scarcely distinguishable from the calyx, strongly maiked with 
reticulated veins (figs 396 />, 606 p). sometimes fringed. Stamens 5, 
distinct or united in one or three parcels, attached to the petals (fig, 
606 «) ; anthers bilocular, sinuous (tigs. 332, 607, a) ; ovary (figs. 
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896 o, 608 c 6) adhering to the tube of the calyx, 1 -celled, formed by 
$ carpels, and having 3 parietal placentas (fig. 609), which sometimes 
project so as to join in the centre, the ovules remaining attached to 
the curved free edges ^ovules solitary or indefinite (fig. 609), anatro- 
pal j styles short ; stigmas very thick, velvety or fringed (fig. 608 a). 





{,10 



Fruit a pcpo .m 1 ). Seeds flat and ovate (fig 610), enveloped in a 
juicy or dry and membranous covering ; testa coriaceous ; albumen 0 ; 
embryo straight (fig 4 '. 610 <?, Oil ) ; cotyledons leafy and veined 5 radicle 
next the hilurn. — Herbaceous plants, with succulent stems, climbing 
by means of lateral tendrils, which are transformed stipules; leaves al- 
ternate and palmate, covered with asperities ; flowers generally unisex- 
ual. They are natives of warm climates chiefly, and abound in India. 
A few are found to the north in Europe and North America, and 
several are natives of the Cape of Good Hope. Those which are 
annuals readily submit to the climate ut northern latitudes during the 

Hgs 606-61 t —Organs of fructifit aiion of Cnrurhitdrcv 

Fig 606 —Male flowci of Ciu uuus sut.vus Common Cucumber, laid open to show the interior 
of it c,S~dhided cah\ p, United petals, b> some considered as being an intcrnul coiouied 
calvx r, ^jngynous stamens 

Jrig 6117 _St in 1 ' r- « .1 /, Fi'ament a, Long slnuons anther 

Fig «••<— KinnCe t‘ ■ ■>, Calyx adherent to the o*aiy p, United petals. <, Thick vel- 

vety stigmaa 

fig 609 —Horizontal section of the ovary, show Jng its division into three, by projections from 
th* parietal placentas, to which the indefinite mules arc atta'dicd. 

Fig. 610.— Anatropal seed cut vertically r, Spennodtrai swollen at the chalaza, c, e, Embryo- 

Fig 611 —Embryo separated r, Radicle c, Cotyledons. 
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summer, and thus though of tropical origin, they grow well in 
European gardens. There are nearly 60 known genera, and about 
300 species. Examples — Cucurbits, Cucumis, Momordica, Bryonia, 
Telfairia. # 

872. A certain degree of acridity pervades the order, and many of 
the plants are drastic purgatives. In some cases, however, more 
especially under cultivation, the fruits are eatable. Instances of edible 
fruits are seen in the case of the Melon, Cucumber, Gourd, Pumpkin, 
Squash, and Vegetable Marrow. The genus Cucumis contains the 
Melon and Cucumber, with edible fruits, and the Colocynth with pur- 
gative fruit. Much discussion has taken place in regard to the struc- 
ture of the fruit in this genus, and in Cucurbitacea? in general. Some 
have considered it an anomaly in vegetable structure, from the ap- 
parent formation of the placenta and ventral suture, externally, as if 
the usual position of the carpels were reversed. It would appear, 
however, as shown by Lindley, that the placentas follow the ordinary 
law. They are parietal, and curve in a peculiar way, bearing the 
seeds on their curvature ; at the same time prolongations are sent in- 
wards, which often meet in the centre. Stocks and others consider 
the carpels as being involute, and they trace this involution particu- 
larly in Luffa pentandra. Cucumis Colocynthis , or Citndlus Colocyn - 
this, yields a globular fruit called Coloquintida, or Bitter Apple, the 
pulp of which constitutes the medicinal Colocynth. It is imported 
from the Levant and the coasts of the Mediterranean. It is used in 
the form of powder and extract as an irritant cathartic. The plant is 
supposed to be the nrpc, or Wild Gourd of Scripture. Momordica 
Elaterium or Ecbalium agrcste , the Wild or Squirting Cucumber, is 
so called on account of the force with which its seeds are expelled 
when ripe. The fruit, by a process of endosmose going on in the cells, 
becomes distended, and ultimately gives way at the weakest part, 
where the peduncle is united to it. In separating from the stalk, the 
elasticity of the paiietes comes into play, so as to discharge the brown 
seeds and slimy juice through the aperture at the base of the fruit. 
The feculence which subsides from the juice constitutes the medicinal 
Vlatexium, which is used in small doses of ^ ^ a grain, as a violent 
cuthaxtic., espemibj iu dxopsicai oases. The active principle is Elaterin. 

Woe roofs of Brijonia alba and dioica are also powerful purgatives. 

The fruvt of various species of Gourd, as Cucurb'da Pepo, the White 
Gourd, and. C. maxima the died Gourd, C. ovifeva, the Vegetable 
ddavroNN , are used as potherbs *, white C. Citndlus, the Water Melon, 
is prized lor its cool refreshing juice The fruit of J^agerntfia vul- 
garis, in consequence of having a hard outer covering, is used as a 
3 \osscl for containing fluid, after the pulp and seeds are removed. It is 

hence called Bottle Gourd. It is stated that poisoning has followed 
on the drinking of beer that had been standing m a Hash made of one 
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of those 6ourd$. Dr. Royle mentions that symptoms of cholera have 
been induced by eating the bitter pulp. The seeds of the plants in 
this order frequently supply a bland oil. The seeds of Telfairia pedata 
are as large as Chestnuts, and are used as food. 

873. Older 84. — i»np«ync<w, the Pa paw Family. (Monopet 
Pohjpet. Epvj'jn. and Diclines ) Calyx minute, 5-toothed. Corolla 
monopetalous, inserted into the base of the calyx; in the male, 
tubular and 5-lohed ; in the female, divided nearly to the base into 5 
segments. In the section Pang it'® the sepals and petals are distinct. 
Stamens 10, inserted into the throat of the corolla, anthers bilocular, 
introrse, innate, dehiscing longitudinally. Ovary free, l-celled ; 
ovules indefinite, attached to 5 parietal placentas; stigma 5-lobed, 
lacerated Fruit usually succulent and indehiscent, sometimes cap- 
sular and dehiscent, 1 -celled. Seeds cc , enveloped in a loose mucous 
coat, parietal; sperm oderm brittle, pitted; embryo in the axis of 
fleshy albumen ; cotyledons flat; radicle slender, turned towards the 
hilum. — Trees or shrubs not branching, with alternate lobed leaves, 
supported on long slender petioles and with unisexual llowers. They 
are found in South America, and in other warm countries. One of 
the most important plants of the orler is Carica Papaya , the Papaw- 
tree, which yields an acrid milky juice, and an edible fruit. The juice 
of the unripe fruit and the seeds are said to act as anthelmintics. 
This tree is said to have the property of rendering meat tender. The 
seeds of Tricladcnici zeylanica , a large tree of Ce)lon, called Tettigaha 
or Tettigass, yield an oil used for burning. The oil expressed from the 
seeds of Chaulmoogmodorata is used in India for the cure ofleprosy 
and for various cutaneous disease's. The tree is poisonous, but the 
seeds yield by expression n bland fixed oil having a peculiar smell 
and taste. The surface of the leprous ulcers is dressed with the oil, 
while a six-grain pill of the seed is given three times a day. The 
fruit of Ilydnocnrpus venemttHs and //. Toon is used to poison fish. 
The order has been divided into three sections: — J. Cariceoe, corolla 
monopetalous, fruit succulent and indehiscent. 2 Modeccesc, corolla 
monopetalous, fruit capsular and dehiscent. 3 Pangiea?. corolla 
polypetalous. There are 11 known gene; a, including 2!) species. 
Examples — Carica, Modeccn , Pnngiurn . 

874. Order 85. — Be>iri*incew f the BeJvhia Family. (A/bnopcf. 
Epigynf) Calyx gamosepaJons, persistent, limb divided into 5 thick 
ovate segments ; aestivation vahate. Petals inserted in the tube of the 
calyx, united more or less , and forming 3 verticil* , the innermost of 
which may be considered as an altered staminal row; the outer 
petaline verticil consists of 5 plaited lobes, each of which is 7-toothed, 
ami has 7 feathered ribs; the second petaliue verticil is cut into a 
number of narrow segments ; while the thiid is an inconspicuous cup- 
hke ring, with its edge minutely divided, btamens oo , united at 
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their base so as to be monadelphous, or unequally polyadelphous; 
filaments curved inwards; anthers dithecal, oblong* Ovary sur- 
rounded by a fleshy disk, and adherent to the tube of the calyx, 5- 
oelled ; ovules 2 in each cell, attached to a central placenta, nucleus 
curved ; style 5 -angled ; stigma broad, flat, pentagonal. Fruit a large 
fleshy rounded berry, crowned by the lobes of the calyx. Seeds large, 
kid ney -shaped ; cotyledons plano-convex; radicle and plumule im- 
mersed in their substance. — Shrubs, with alternate, simple, coriaceous, 
exstipulate leaves ; and axillary flowers often in sets of three. They 
are tropical, chiefly African. The pulp of the fruit is eatable. The 
rind contains much tannin, and has been used for making ink. The 
wood is soft, and presents numerous dotted vessels. Their place in the 
natural system is not well determined ; some placing the order next 
Passifloraceas, others near Symplocacese, and Lindley recognizing its 
affinity to Rhizophoraceae. There are 2 genera and 4 species. Ex- 
amples — Belvisia (Napoleona), Asteranthus. 

£75 Order 86. — Pmwifloram®, the Passion-flower Family. ( Poly- 
pet . Periffifn ) Sepals 5, combined below into a more or less elongated 
tube. Petals 5, perigynous, often with filamentous or annular pro- 
cesses on their inside, which appeal to be an altered whorl or whorls 
of petals, occasionally wanting, imbricated in aestivation. Stamens 5, 
monadelphous, surrounding the gynophore when present, rarely oo , 
usually with processes from the thalamus, interposed between them 
and the f^etals ; anthers dithecal, extrorse, versatile, dehiscing longi- 
tudinally ; pollen-grains sometimes bursting by opercula (fig. 354). 
Ovary 1-celled, often with a gynophore 437) ; ovules anatropal, oo ; 
styles 3; stigmas dilated. Fruit often stipitate, l-celled, sometimes 
3-valved, opening by loculicidal dehiscence, or succulent and indehis- 
cent. Seeds oo , attached to parietal placentas, arillate, or strophiolate ; 
spermoderm brittle and sculptured ; embryo straight in the midst of 
thin fleshy albumen ; radicle pointing to the hilum. — Ilerbs or shrubs, 
often climbing, with alternate, stipulate, or exstipulate leaves. The 
order has been divided into three suborders 1. Paropsiete, plants 
not climbing, with a sessile ovary, arillate seeds, and exstipulate leaves. 
2.' Passiflorete, climbing plants with a stalked ovary, arillate seeds, 
stipulate leaves, and glandular petioles. 3. Malesherbiese, plants not 
climbing, with a stalked ovary, style below the apex of the ovary, 
strophiolate seeds, aud exstipulate leaves. They are natives chiefly of 
warm climates, and are found in America, the East and West Indies. 
There are 14 known genera, and 215 species. Examples— Paropsia, 
8meathmannia, Passiflora, Tacsonia, Malesherbia. 

876. Considerable discussion has taken place as to the true nature 
of the calyx and corolla in Passiflora ceso. Lindley support® the view 
here given. Others consider the calyx as consisting of ten sepals in 
two rows, the inner more or less petaloid, and they look on the petals 
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as either wanting, or existing in the form of filamentous or annular 
processes. The name Passion-flower was given on account of a 
fancied resemblance in the flowers to the appearances presented at 
Calvary. In the five anthers the superstitious monks saw a resem- 
blance to the wounds of Christ ; in the triple style, the three nails on 
the cross ; in the central gynophore, the pillar of the cross ; and in 
the filamentous processes, the rays of light round the Saviour, or the 
crown of thorns. Many of the plants, such as Password quadrangu- 
laris and edulis, Grenadillas, yield edible fruits, the pulp or succulent 
arillus being fragrant and cooling. The root of Passiflora quactran - 
gularis is said to be emetic and powerfully narcotic, on which account 
it is said to be cultivated in several French settlements. It is said to 
owe its activity to a peculiar principle called Passifloiine. Other 
plants of the order are bitter and astringent. 

877. Order 87. — Turneraer*, the Turnera Family. {Polypet. 
Perigyn.) Calyx with 5 equal lobes ; aestivation imbricated. Petals 
5, perigynous, equal ; aestivation twisted. Stamens 5, perigynous, 
alternating with the petals ; filaments distinct ; anthers ditheeal, innate, 
oblong. Ovary free, 1 -celled, with 3 parietal placentas, ovules ao , 
anatropal ; styles more or less cohering, or forked ; &tigmas multifid. 
Fruit a 1 -celled, 3-valved capsule, dehiscing only half-way clown, in a 
loculicidal manner. Seeds crustaceous, reticulated, aril late on one 
side ; embryo slightly curved, in the midst of fleshy albumen; cotyle- 
dons plano-convex ; radicle pointing to the hilum. — Herbaceous or 
somewhat shrubby plants, occasionally with stellate pubescence, having 
alternate, exstipulate leaves, and frequently two glands at the apex of 
the petiole. They are natives of the West Indies and South America. 
They are not put to any important use. Turnera opifera is astringent, 
and is employed in Brazil against dyspepsia. Turnera uhmjAia is 
considered tonic and expectoiant. Lindiey gives 2 genera, including 
60 species. Examples — Turnera, Piriqueta. 

878. Order 88. — Portuiacacc®, the Purslane Family. {Poly pet. 
Perigyn.) Sepals 2, cohering at the base. Petals usually 5, rarely 
wanting, distinct or cohering at the base, some nines hypogynous. 
Stamens usually perigynous, variable in number, all fertile, sometimes 
opposite the petals; filaments distinct; anthers versatile, bilocular, 
with longitudinal dehiscence. Ovary free or pai tally adherent, 1- 
celled, formed by 3 united carpels ; style single or 0 ; stigmas several. 
Fruit capsular, 1 -celled, opening by circumscissile dehiscence, or by 3 
valves, occasionally monospermous and indehiscent. Seeds numerous 
or definite, or solitary, attached to a central placenta ; albumen farina- 
ceous ; embryo peripherical ; radicle long. — Succulent shrubs or 
herbs, with alternate, seldom opposite, entire, exstipulate leaves, often 
having hairs in their axils. They are found in various parts of the 
world, chiefly, however, in South America and at the Cape of Good 
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Hope. They always inhabit dry parched places. They have a great 
affinity to Caryophyllacem, from which they are chiefly distinguished 
by their bisepalous calyx, perigynous stamens, and transversely 
dehiscent capsule. Lindley places this and the succeeding order 
among hypogynous Exogens, next to Caryophyllacece. The plants 
belonging to the order have few properties of importance. They are 
insipid and destitute of odour. Portvlaca oleracea , common Purslane, 
is used as a potherb on account of its cooling and antiscorbutic 
qualities ; the ancients thought the seeds, steeped in wine, to be an 
emmenagogue. The tuberous roots of Claytonia tuberosa , a Siberian 
plant, are eaten ; and those of Melloca ( Ullucus ) tuberosa , a native of 
Peru, have been recommended as a substitute for the potato. There 
are 12 known genera, and 184 species. Examples — Portulaca, Talinum, 
t'alandrinia, Claytonia, Montia. 

879. Order 89. — Pnronychiacras the Knot wort Family. ( Polypet . 
Perigyn.) Sepals 4-5, distinct or cohering. Petals perigynous, be- 
tween the divisions of the calyx, usually inconspicuous, sometimes 0. 
Stamens usually perigynous, sometimes h)pogynous, opposite to the 
sepals when equal to them in number, some of them occasionally 
wanting ; filaments distinct, rarely united ; anthers bilocular. Ovary 
superior, with one or more ovules ; styles 2-3, distinct or combined. 
Fruit unilocular, either a utricle covered by the calyx, or a 3-valved 
capsule. Seeds either numerous, attached to a free central placenta, 
or solitary and pendulous from a long funiculus arising from the base 
of the fruit. Embryo more or less curved, lying on one side of the 
farinaceous albumen, or surrounding it. — Herbaceous or somewhat 
shrubby plants, with opposite or alternate, sometimes setaceous and 
clustered leaves, which are either exstipulate or have scarious stipules. 
Found in barren places in various parts of Europe, Asia, and North 
America. A slight degree of astriugency pervades this order, and is 
the only sensible property that it is known to possess. The order 
has been divided into two sections: — 1. Illecebre®, with the embryo 
lying on one side of the albumen, and stipulate leaves. 2. Scleranthe®, 
with a peripherical embryo, and exstipulate leaves. There are 28 
known genera, and nearly 120 species. Examples — Paronychia, Ille- 
cebrum, Polycarpon, Corrigiola, Scleranthus. 

880. Order 90. — CraMnince*, the Houseleek Family (figs. 535, 
536). {Polypet. Perigyn.) Sepals 3-20, more or less united at the 
base (fig. 258 c c ). Petals equal to the sepals in number, inserted in 
the bottom of the calyx (fig. 258 p p ), either distinct or cohering in a 
gamopetalous corolla. Stamens inserted with the petals, either equal 
to them in number, and alternate with them (fig. 258 e e ), or twice as 
many, those opposite the petals being shortest ; sometimes one or two 
rows of abortive stamens; filaments distinct, or united, subulate, 
anthers bilocular, dehiscing longitudinally or transversely. Abortive 
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stamens or scales {sometimes obsolete), at the base of each carpel (fig. 
258 a a). Carpels equal in number to the petals and opposite to them, 
1 -celled (figi 258 o o), sometimes consolidated ; styles several or com- 
bined ; stigmas pointed or 4-corncred; ovules 00, or definite, auatio- 
pal. Fruit consisting of several follicles, dehiscing by the ventral 
suture, sometimes by the dorsal suture. Seeds variable in numbei . 
embryo straight, in the midst of fleshy albumen ; radicle pointing to 
the hilum. — Herbaceous plants or shrubs, often succulent, with simple, 
entire, or pinuatifid, exstipulate leaves. They are found in the driest 
situations, as on rocks, walls, and sandy plains, in various parts of the 
world. Some of them are acrid, as Set him acre, Biting Stonecrop; 
others are refrigerant, from the presence of an acid, such as malic acid. 
Sempei'vivum tectorum is commonly known as the Houseleek. The 
fishermen of Madeira rub their nets with the fresh lea\es of the Semper - 
vwum glutimmmi , by winch the nets are rendered as durable as if 
tanned, provided they are steeped in some alkaline liquor. Brgo- 
pkyllum calycinum is remarkable lorthe propertyof producing germinat- 
ing buds at the edges of its leaves ( 1 [ 1 00). There are two suborders : — 1 
1. Sempervivete, with carpellary ‘•calcs, numerous separate carpels in 
the pistil. 2. Galae ; ea* or Francos, without true scales, pistil con- 
solidated. There are 2 5 geneia, and about 400 species. Example* 
— Crasfiula, Sempervivum, Oonledon, Sedum, Penthorum, Galax, 
Franeoa. 

881. Order 01. — Ficoiclerr, or Jlesembrynceae, the Ficoid or Mesem • 
bryanthemum Family. ( Pohjpet . Perigyu.) Sepals definite, usually 
5, but varying from 4-8, more or less combined at the base, adherent 
to the ovary or distinct from it, equal or unequal; aestivation valvate 
or imbricate. Petals indefinite, coloured, sometimes 0 Stamens 
perigynous, distinct, definite or indefinite; anthers oblong, incumbent. 
Ovary usually many-cellod; stigmas several, distinct; ovules 00, ana- 
tropal or amphitropal, attached by cords to the placenta, which is 
either central or parietal. Fruit a many-celled capsule, opening in 
a stellate or circumscissile manner at the apex, or an indehiscent nut. 
Seeds 00, rarely definite or even solitary; embryo curved or spiral on 
the outside of mealy albumen ; radicle next the hilum. — Herbaceous 
or shrubby succulent plants, with opposite or alternate simple leaves. 
They are found in warm regions chiefly. The greater part of them 
grow at the Cape of Good Hope. The order lias been divided into 
three sections : — 1. Mesembryeas, numerous conspicuous petals, many- 
celled capsule, with stellate dehiscence. 2. Tetragon iere, petals 0, fruit 
woody and indehiscent. 3. Sesuveae, petals 0, capsule with circum- 
scissile dehiscence. There are 16 known genera, and 440 species. 
Examples — Mesembryanthemum, Tctragonia, Aizoon, Sesuvium. 

Some of them are used as articles of diet, as the leaves of Mesem- 
bryanthemum edule, Hottentot’s Fig, and Tctragonia expansa , New 
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Zealand Spinach. Others yield soda, and have been employed in the 
manufacture of glass. Mesembryanthemum crystallinum, the Ice-plant, 
is remarkable for the watery vesicles which cover its surface, and which 
have the appearance of pieces of ice. Its juice is said to be diuretic, and 
has been prescribed in dropsy and liver complaints. The seed-vessels 
of some species of M esembryanthemu m, as M. Tripolium , have the pro- 
perty of expanding in a star-like manner when put into water, and 
closing when dry. The flowers of many of the plants of the order ex- 
hibit the phenomenon of opening only under the influence of sunshine 
and closing in dull weather (^f 483). 

882. Order 92. — Cactaee*, the Cactus or Indian Fig Family. (Poly 
pet. Epigyn.) Sepals numerous, usually oo , and confounded with the 
petals, adherent to the ovary. Petals numerous, usually indefinite, 
sometimes irregular, inserted at the orifice of the calyx. Stamens in- 
definite, cohering more or less with the petals and sepals; filaments 
long, filiform ; anthers ovate, versatile. Ovary fleshy, inferior, unilo- 
cular ; style filiform ; stigmas numerous ; ovules oo , attached to parietal 
placentas equal in number to the stigmas. Fruit succulent, 1-celled. 
Seeds oo , parietal, or, after losing their adhesion to the placenta, nest- 
ling in pulp, ovate or obovate ; albumen 0 ; embryo straight, curved 
or spiral ; cotyledons thick, leafy, sometimes nearly obsolete ; radicle 
thick, obtuse, next the hilum. — Succulent shrubs, with peculiar angu- 
lar or flattened stems, having the woody matter often arranged in 
wedges. Leaves usually absent; when present, fleshy, smooth, entire, 
or spinous. Flower sessile, sometimes showy. They grow in hot, 
dry, and exposed places, and are natives chiefly of the tropical parts 
of America. Some grow rapidly on the lava in volcanic countries. 
There are 16 known genera, and about 800 species. Examples — 
Opuntia, Melocactus, Mammillaria, Echinocactus, Cereus, Epiphyllum, 
Pereskia, Khipsalis. 

883. The plants of this order are remarkable for their succulence, 
for the great development of their cellular tissue, and the anomalous 
forms of their stems, some of which attain a great size. In their struc- 
ture numerous spiral cells are met with, and in many cases the fibre in 
these cells is interrupted so as to present thickened rings united by 
membrane. These rings, when the cells are macerated, can be ob- 
tained in a free state. Many of the plants in this order show a re- 
markable tendency to spiral development. The setse, spines, and bail's, 
are sometimes arranged spirally, and in Cereus JlageUiformis the cells 
of the setae have this tendency. Many of them yield an edible fruit, 
which is sometimes refreshing and agreeable, at other times insipid. 
The fruit of Pereskia aculeata ) under the name of Barbadoes Gooseberry, 
is used in the West Indies as an article of diet. That of Opuntia vul- 
garis is known under the name of Prickly Pear. The juice of the fruit 
of some species is subacid, and has sometimes been used as a refrigerant 
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Cattle sometimes feed on the succulent stems in dry seasons. Some of 
the plants are noted as night-flowering (T 484). Cereus grandiflorus 
expands its large white blossoms about 10 p.m. in our hothouses, and 
their beauty lasts only for the night Such is also the case with 
Cereus nycticalus. A plant of the latter species, in the Glasgow Botanic 
Garden, began to open its flowers between 7 and 8 p.m., and they were 
fully opened at 10. The following were the numbers and sizes of the 
various parts : — 


Length of the tube of the calyx . 7 inches 

Length of the petals 4 J -i- 

Leugth of the style 10 — 

Breadth of flower when fully expanded- 11 — 

Number of long sepals 75 

Number of short sepals 20 

Number of petals 25 

Number of stamens 400 

Number of stigmas 15 


The size to which some of the Cactus family grow may be illustrated 
by a specimen of Echinocactus Viznaga , imported into Kew gardens 
from the mountains of San Luis, Potosi: — 


Weight of the plant 7 1 3 lbs . 

Height from surface of the earth 4 J feet. 

Measured over the top from the ground on each side 10 feet 9 inches. 

Circumference at 1 foot from the ground 8 fee t 7 inches. 

N umber of deep angles or costae 44 

Number of spines 8800 


In Brazil, some epiphytic Cactuses are met with ; and there are some 
species described by Gardner as attaining a height of thirty feet, with a 
circumference of three feet, Opuntia cochinellifera , and other species, 
are infested by the Coccus Cacti, or the cochineal insect, which feeds 
upon them. The plants are cultivated in what are called nopaleries, 
for the sake of the insect, the females of which, when dried, constitute 
the cochineal of commerce. 

884. Order 93. — ©r**««iari«ce«, the Gooseberry and Currant 
Family. ( Polypet . Epigyn.) Calyx 4-5-cleft, regular, coloured. 
Petals minute, perigynous, equal in number to the segments of the 
calyx, and alternate with them. Stamens 4-5, alternate with the 
petals, and inserted into the throat of the calyx; filaments short; 
anthers dithecal. Ovary unilocular, adherent to the tube of the calyx ; 
ovules oo , anatropal, attached to two opposite parietal placentas ; 
style single, 2-4-clefl. Fruit a 1 -celled berry, crowned with the 
remains of the flower. Seeds oo , immersed in pulp, and attached to 
the placentas by long thread-like funiculi ; spermoderm gelatinous 
externally ; albumen horny ; embryo straight, minute ; radicle point- 
ing to lie hilum. — Shrubs, with alternate lobed leaves, having a 
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plicate vernation. They are natives of temperate regions, and are 
found in Europe, Asia, and America. Many yield edible fruits, which 
sometimes contain malic acid. The various kinds of Gooseberry (Rtbes 
Grossularia ), and Currant ( Ribcs rubmm and nigrum) belong to this 
order. The black currant possesses tonic and stimulant properties. 
On the under surface of its leaves and dowers fragrant glands may be 
perceived. The order contains 2 or 3 genera, and nearly 100 species. 
Example — Kibes. 

885. Order 94. — ^xiiragnccsr, the Saxifrage Family. ( Polypet . 
Perigyn.) Calyx superior, or more or less inferior (fig. 397 c c ) ; sepals 
usually 5, more or loss cohering at the base. Petals usually 5, peri- 
gynous, alternate with the lobes of the calyx (fig. 397 pp), rarely U. 
Stamens perigvnous (tig. 397 <?), 5-10 or go, in 1 or more rows ; an- 
thers bilocular, with longitudinal or porous dehiscence. Disk often 
present, either annular or scaly. Ovary more or less completely united 
to the tube of the calyx, consisting usually of two carpels, cohering by 
their face (figs. 397, 398 a), but distinct and diverging at the apex ; 
styles as many as the carpels, distinct (fig. 398 t ) or combined ; stigmas 
capitate (fig. 398 b) or clavate Placentas (fig. 398 p) marginal (basal 
or apicilarb rarely central. Fruit generally a 1-2-celled capsule, the 
cells dehiscing at the ventral suture, and olten divaricating when ripe. 
Seeds usually cc , rarely definite; spur model m often reticulated ; em- 
bryo small, in the axis of fleshy albumen ; radicle pointing to the 
hilum. — Shrubs or trees, or herbs with alternate or opposite, usually 
exstipulate leaves. They are generally nntiws of temperate climates, 
and some of them characterize alpine districts. 'The order has been 
divided into the following snboiders: — 1. Escalloniea*, petals and 
stamens 5 : ovary inferior ; style simple : albumen oily ; evergreen 
shrubs, with alternate, simple, exstipulate leaves, found in the temperate 
regions of South America, often at a great elevation. 2. Cunoniea?, 
petals 4-5 or 0; stamens 8-10 or qc; ovary half inferior; styles 2, 
distinct or combined ; trees or shrubs, with opposite leaves, having 
interpetiolary stipules; found in South America, the East Indies, 
south of Africa, and Australasia. 3, Hydrangea?, petals 4-G; stamens 
8-12 or oo ; anthers sometimes biporose; ovary more or less inferior ; 
styles 2-5, usually distinct; shrubs with opposite, sometimes wborled, 
exstipulate leaves, and flowers, frequently cymosc, with the exterior 
flowers sterile and dilated ; found chiefly in the temperate parts of 
Asia and America. 4. Saxifrages?, petals 5 or 0; stamens 5-10; 
ovary more or less adherent ; styles usually 2, and distinct ; herbs, 
with alternate, usually exstipulate leaves, found in the mountainous 
regions of Europe, <fcc. Few of the plants are put to any use. Some 
of them are astringent, and used for tanning; others have bitter tome 
properties. The glutinous exudation of a few of them is acrid. In 
the entire order there are 57 known genera, and upw r ards of 900 
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species. Examples — Escallonia, Ifcea, Cunonia, Weinmannia. Hyd- 

rangea, Bauera, Saxifraga, Chrysosplemnm, Heuchera. 

886. Order 95. — Brnntoeeir, the Brunia Family. ( Polypet . Epigyn.) 
Calyx 5-cleft ; aestivation imbricated. Petals inserted in the throat of 
the calyx, and alternate with its segments. Stamens alternate with the 
petals, arising from them, or from a disk surrounding the ovary; an- 
thers introrse, 2-celled, with longitudinal dehiscence. Ovary usually 
adherent to the tube of the calyx, arid 1-3-celled ; ovules anatropa), 
suspended, 1 or 2 in each cell; style simple or bifid; stigmas 1-3. 
Fruit either bicoccous and 2-celled, or indehiscent and 1 -celled, 
crowned by the persistent calyx. Seeds solitary or in pairs, suspended, 
sometimes with a short arillus; embryo minute, at the base of fleshy 
albumen ; cotyledons short and fleshy ; radicle conical, next the hilum. 
— Branched heath-like shrubs, with small, imbricated, rigid, and entire 
leaves, and small, often capitate flowers. They are natives principally 
of the Cape of Good Hope, and have no important properties. There 
are 15 known genera according to Lindley, and 05 species. Examples 
— Brunia, Staavia, Ophuia. 

887. Order 96 — sinuuimriwnccac, the Witch-hazel Fatnilly. ( Poly- 
pet. Epigyn.) Calyx 4-5-lobed or truncate. Petals 4-5 or 0, inserted 
on the calyx, alternating with the calycine segments. Stamens twice 
as many as the petals, in two rows, one of which alternates with the 
petals and is fertile, the other is opposite to them and sterile ; anthers 
bilocular, introrse. Ovary adheient, 2-celled ; ovules solitary, or 
several (in Bucklandia and Sedgwiekia), pendulous or suspended; styles 
2. Fruit a 2-celled, 2-valvcd capsule, opening by loeulieidal dehis- 
cence. Seeds pendulous ; embryo straight, in the axis of lieshy albu- 
men ; cotyledons leafy ; radicle superior. — Shrubs or small trees, with 
alternate, petiolate, feather-veined, and stipulate leaves, and small 
axillary, bracteated, often unisexual llowers. They are found in various 
parts of Asia, Africa, and Ameiica. The seeds of Hama metis virginica 
are used as food, while its leaves and bark are astringent and acrid. 
Lindley notices 10 genera, including 15 species. J^jramples- — Hama- 
melis, Fothergilla, Bucklandia, Khodolcia 

888. Order 97. — Unibciiifi ras the Umbelliferous Family (figs. 612- 
616), Apiaccoi of Lindley. {Holy pet. Epigyn .) Calyx superior, 5- 
toothed or entire. Petals 5, inserted on the outside of a fleshy epi- 
gynous disk, often with indexed points (figs. 282, 613). Stamens 5, 
alternate with the petals, incurved in aestivation (figs. 613, 614). 
Ovary inferior, 2-celled, crowned with a double disk or stylopod (fig. 
614 g e); ovules solitary, pendulous; styles 2, distinct (fig. 454 $ s ); 
stigmas simple. Fruit (figs. 615, 616) a cremocarp (If 543), consist- 
ing of two achaenia (mericarps or hemicarps,) which adhere by their 
face (commissure) to a common axis (carpophore), from which they 
separate, and are suspended when ripe (fig. 454 a ) ; each mericarp is 
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traversed by five primary longitudinal ridges (juga), and oflen by four 
alternating secondary ones, the ridges being separated by channels 







(valleculae). In the substance of the pericarp there are frequently 
vittae containing oil, which are usually opposite the channels. Seeds 
pendulous (fig, 616 g), usually adherent to the pericarp, rarely loose; 
embryo minute, at the base of abundant horny albumen (fig. 616 e) ; 
radicle pointing to the hilum. — Herbaceous plants, often with hollow 
and furrowed stems, with alternate, rarely opposite, variously divided, 
sheathing leaves, (which sometimes assume the appearance of phyllodia), 
and with umbellate, involucrate flowers (fig. 241). They are found 
chiefly in the northern parts of the northern hemisphere. In warm 
countries they occur at high elevations, The order has been divided 
according to the number and size of the pericarpial ridges, the 
presence or absence of vittae, and the form of the albumen. The 
following are the several sections, which, however, are not considered 
altogether satisfactory: — 1. Orthospermae (o? straight, and 
seed), albumen flat on the inner face, neither involute nor convolute. 


Fig*. 612-61 6.— -Organ* of fructification of Daueus Carota, common Carrot, to Illustrate the 
natural order Umbel lifer®. 

Fig. 612. — Diagram of the flower, with a 5-toothed calyx, 5 inflexed petals, 5 stamens, and 
fruit formed by 2 carpel*, with primary- and secondary ridges, vallecuhe, commissure, and flat 
albumen. 

Fig. 618.— The flower viewed from above, allowing the petal* with inflexed point* and 6 
stamens, g «, Eplgynou* disk or stylopod. 

Fig. 614.— Vertical section of the flower p, Petal* with inflexed point*. «, Stamens, one 
incurved at the apex, o, Ovary formed by two carpels, adlierent to the calyx throughout 
a, Style* and stigma*, p e, Epigynons disk or stylopod 

Fig. 616 — Horizontal sectioa of the fruit (crenmcarp) with bristly ridgea. 

Fig. 61 fi.— Vertical section of the cremocarp. /, Pericarp g, Seed, c, Flat perisperm. 
< Embryo. 
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2 . Campylosperm© (ituftKvXos* inflected), albumen curved at the 
margins, so as to form a longitudinal furrow. 3. Coelospermse (*©i>of, 
concave), albumen curved at the ends (from base to apex). Lindley 
enumerates 267 genera, including 1500 species. Examples-— Hydro- 
cotyle, Eryngium, Apium, Bupleurum, iEthusa, Angelica, Heracleum, 
Daucus, Myrrhis, Conium, Coriandrum. 

889. The properties of the plants of this order are various. Some 
yield articles of diet, others gum-resinous and oily substances, while 
others are highly poisonous. According to their qualities, the species 
have been divided into — 1. Those which are harmless, and are used as 
esculent vegetables. 2. Those producing a gum-resin, often having a 
fetid odour from the presence of a sulphur-oil, and which are used as 
antispasm odics and stimulants. 3. Those yielding a volatile oil, which 
renders them carminative and aromatic. 4. Those which are poison- 
ous, in consequence of the presence of an acrid and narcotic juice. 

890. Among esculent species may be noticed — Daucus Carota (Car- 
rot), Pastinaca saliva (Parsnip), Apium graveolem (Celery), Fceniculum 
vulgare (Fennel), Petroselinum sativum (Parsley), Anikriscus Cerefolium 
(Chervil), Sium Sisarum (Skirret), and Archangelica officinalis 
(Angelica). Crithmum maritirnum is the Samphire, which grows abun- 
dantly on rocks near the sea, and is used as a pickle. The roots of 
Arracacha esculenta, a native of Grenada, have been recommended 
as a substitute for the potato ; they are large and esculent, resembling 
a Parsnip in quality. The root of Eryngium campestre and maritirnum , 
or Eryngo, is svreet, aromatic, and tonic. Boerhaave reckons it as the 
first of aperient diuretic roots. The tubers of Bunium Bulbocastanum 
and flexuosum are eaten under the name of Pig-nuts or Earth-nuts. 
Prangos pabularia , a plant of Southern Tartary, is highly recom- 
mended as fodder for cattle. 

891. Many species yield milky juices, which concrete into a fetid 
gum-resin. Assafaitida is procured from the Femla Assafoetida ot 
Linnaeus, which has recently been described by Dr. Falconer under 
the name of Narthcx Assafoetida . The plant is found in Persia and 
Afghanistan, and seeds of it have been sent to this country by Dr. 
Falconer, some of which have germinated in the Edinburgh Botanic 
Garden, and produced abundance of flowers and fruit. The fruit 
of the plant is distinguished by divided and interrupted vittae, 
which form a network on the surface, and its leaves have a resem- 
blance to those of a Pa^ony. It would appear that Ferula persica , 
a plant with very much divided leaves, yields an inferior sort of 
assafoetida. The assafoetida is procured by taking successive slices of 
the top of the root, and collecting the milky juice which is allowed to 
concrete in masses It consists of resinous and gummy matter, with a 
aulpbur-oii similar to that of Garlic, which is probably its active 
ingredient. It is employed medicinally in substance or tincture, as a 
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stimulant, antispasmodic, and anthelmintic. Ammoniac, another fetid 
gum-resin, is the produfie of Doi'ema Ammoniacum (probably Distrne- 
ston gmimfferum of Jaubert and Spach), a native of Persia. It 
contains resin, gum, and volatile oil, and is used medicinally as a 
stimulant, anfispasmodic, and expectorant. Galbanum, which seems 
to be the of Scripture, is procured, in all probability, from 

Opoidia galbunifera of Lindlev. There are doubts, however, as to its 
botanical source. Don referred it to Galbanum officinale . It consists 
of resin, gum, and volatile oil, and is used as an antispasmodic and 
emmenagogue. Opoponax is another gum-resin, piocured from 
Opoponax Chh'onum ( Pastinaca Opoponax ), a native of the southern 
parts of Europe. Sagapenum seems to be the produce of a species of 
Ferula. 

892. There are other species which supply a carminative and 
aromatic oil. From the fruits of Car am Carui , which are commonly 
called Caraway seeds, a volatile oil of this nature is procured. Oils of 
a similar kind are obtained from the fruit of Pimpindla Anisuni 
(Anise), from that of Fccniculnm vubjare , or F. dulce (common 
Fennel), Ancthum graveolcm (common Dill), Coriandrum sativum 
(Coriander), the -ra of the Bible, Cwnunnn Cymimim (Cumin), Archan- 
gelica officinalis (Garden Angelica), and Daucus Carota (Carrot) 

893. In regard to the poisonous species of this order, there is still 
much to be learned. They appear to vary according to the soil 
and climate in which they grow. Some species, generally reputed 
poisonous, have been found by Dr. Cliristison to be quite innocuous 
when gathered from localities in the neighbourhood of Edinburgh. 
The most important plant of this section is Coniuvi m,acidatum (Hem- 
lock), the ku»um of the Greeks. It is a biennial plant, found abundantly 
in Britain, and distinguished by its undulated ridges, smooth purple- 
spotted stem, and the peculiar mouse-like odour of its leaves, when being 
dried. Every part of the plant, especially the fresh leaves and green 
fruit, contain a volatile oleaginous alkali, called Conia, which acts as 
an energetic poison. To this substance the effects of hemlock on 
the animal frame are due, and care is required in the preparation of 
tbe leaves and fruit in order to retain this active principle. A few 
drops of Conia will kill a small animal. It acts on the spinal cord, 
producing paralysis with slight convulsive twitches, and its fatal effects 
are attributed to asphyxia, produced by palsy of the muscles of respira- 
tion, without convulsions or coma. Hemlock has been employed 
medicinally to allav pain, more especially in cancerous and neuralgic 
affections. (Enaiuhe crocata (Ilemlock-Dropwort, or Dead-tongue), 
and a variety called apiifolia , have been long looked upon as poisonous. 
The roots have been mistaken for parsnips, and fatal effects have been 
thus produced. It would appear, however, that these poisonous 
?f£ggiities are not invariably present, for Dr. Christison found that the 
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roots of this plant, when growing in a sea-side locality, near Edinburgh, 
were innocuous. It remains to be determined if the climate and locality 
have any effect in modifying the properties of the plant The same 
remarks may be made in regard to CEnanihe PheUandrium (Water 
Dropwort), and Cicuta virosa (Water Hemlock or Cowbane), which 
seem to vary as regards their poisonous properties. jEtlmsa Cynapium 
(Fool’s Parsley), is another plant of the order reputed poisonous. It 
has been stated that the roots of Parsnip, during the spring of the 
second year, on the approach of the flowering season, occasionally pro- 
duce a poisonous matter. 

894. Order 98. — Araiiaci*®, the Ivy Family. ( Polypet . Epigyn.) 
Calyx entire or toothed (fig. 309 c). Petals definite (fig. 309 p\ 2, 5, 
10, deciduous, occasionally 0; {estivation valvate. Stamens as many 
as the petals, or twice as many, inserted below the margin of an epigy- 
nous disk (fig. 309 e e). Ovary adherent to the tube of the calyx, 2 
or more celled (fig 309 o) ; ovules solitary, pendulous (fig. 309), ana- 
tropal ; styles 2 or more, distinct or connate (fig. 309 s ) ; stigmas simple. 
Fruit usually succulent, 2-I5-celled, covered by the calycine limb. 
Seeds solitary, pendulous, adhering to the endocarp; albumen fleshy ; 
embryo small ; radicle pointing to the hilnm. — Trees, shrubs, or her- 
baceous plants, with alternate exstipulate leaves, and umbellate (fig. 240) 
or capitate flowers. They arc found both in tropical and in cold regions. 
Lindley enumerates 21 genera, including 1G0 species. Examples — 
Aralia, Panax, Adoxa, Iiedera, llelvingia. 

895. They have generally aromatic and stimulant properties. They 
are allied to Umbellifersc, but do not possess poisonous qualities in a 
marked degree, nor does their fruit usually yield volatile oil. A species 
of Panax yields the famous Ginseng root of the Chinese, which is 
used as a stimulant. The celebrated Rice Paper of the Chinese is as- 
certained to be prepared from the pith of a plant of this order, called 
by Sir William Hooker, Aralia papynjeni. Panax quinquefoliuni 
possesses qualities resembling those of ginseng. Some species of 
Aralia yield an aromatic gum-resin. Aralia nudicaulis , a native of 
.North America, has fragrant and aromatic roots, which -are used as a 
substitute for sarsaparilla. A. spinosa, called toothache-tree in North 
America, is a stimulant diaphoretic. The succulent fruit of Hedira 
Helix , the Ivy, is emetic and purgative. 

896. Order 99. — Cornacra, the Cornel Family. ( Poly pet Epigyn.) 
Calyx 4 -lobed. Petals 4, oblong, broad at the base, regular, inserted 
into the upper part of the calycine tube ; aestivation valvate. Stamens 
4, inserted along with the petals, and alternate wfth them ; anthers 
duhecal. Ovary adherent to the tube of the calyx, 2-ceIled, crowned 
*t>y a disk ; ovules solitary, pendulous, anatropal ; style filiform ; stigma 
simple. Fruit fleshy, crowned by the limb of the calyx, 2-celled, 
rarely 1-celled by abortion; endocarp bony (fig. 473). Seeds solitary, 
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pendulous ; embryo straight, long, in the axis of fleshy albumen; 
radicle superior, shorter than the oblong cotyledons. — Trees, shrubs, 
or herbs, with opposite, very rarely alternate, exstipulate leaves, and 
capitate, umbellate, or corymbose flowers. They inhabit the tempe- 
rate climates of Europe, Asia, and America. The bark of Cornus t flo~ 
rida and stricea is used in America as a tonic and febrifuge. The 
fruit of Cornus mascula lias been used as food, and the seeds of Cornus 
sanguinea furnish oil. From the wood of Cornus mascula , or Akenia 
of the Greeks, the Kizziljiek or Redwood of Turkey, the Turks ob- 
tain the dye for their red fez. The fruit stewed and mixed with 
water forms a good drink in hot weather, and from its astringency it 
is useful in diarrhoea. The fruit of Cornus suecica , a species found on 
the Scotch mountains, is reputed tonic. Aucuba japomca has leaves 
which exhibit a variegated aspect. Lindley gives 9 genera, and 40 
speoies. Examples — Cornus, Aucuba. 

Section 2 .— Oamopetat^e. 

897. Petals united ; stamens usually epigynous. This subclass 
includes the Monopetalous orders of Jussieu, and the Gamopetalse of 
Endlicher, in which the ovary is inferior, or in other words, in which 
the calyx is adherent. 

898. Order 100. — i^ornnthncrar, the Mistleto Family. (Monopet. 
Epfgyn.) Calyx arising from a tube, or rim, which some regal’d as an 
expansion of the pedicel, often bracteated. Petals (or according to 
others, sepals) 4-8, distinct, or more or les9 united*; sestivation valvate. 
Stamens equal in number to the petals, and opposite to them ; filaments 
more or lesl* united to the petals; anthers 1- 2- or many-celled 
(IT 405). Ovary unilocular, adherent to the calycine tube or the 
expanded pedicel ; ovules with a naked nucleus, erect or suspended ; 
Style filiform or 0; stigma simple. Fruit succulent, crowned by the 
calyx, 1-celled. Seed solitary, pendulous; embryo straight, in the 
axis of fleshy albumen ; cotyledons either minute or numerous; radicle 
Superior. — Shrubs, usually parasitical, with opposite or alternate, fleshy 
exstipulate leaves. Many of the plants have showy flowers, which 
bamg from the trunks and branches of trees in the equinoctial parts of 
Asia and America. Some occur in temperate regions. Lindley gives 
2 3 genera, and 412 species. Examples — Loranthus, Viscuro, Myzo- 
dendron. 

899. Disputes have taken place as to the structure of the flowers in 
this order, some Considering the petals as being in reality sepals, and 
regarding the calycine rim as being an expansion of the pedicel onlv. 
The wood of some of the plants is arranged in separate wedges, ana 
their vessels are either annular or scalariform. The fruit contains a 
viscid matter, like bird-lime, by means of which the seeds adhere to 
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trees. The seeds in germinating send their radicles into the plant to 
which they are attached, and grow afterwards as true parasites, select- 
ing certain chemical ingredients in preference to others. The bark is 
usually astringent. Griffith has carefully described the nature of the 
parasitism of those plants. He states that in Loranthus, the ripe seeds 
adhere firmly to the substance on which they are applied by means of 
their viscid coating, which hardens into a transparent glue. In two 
or three days after application, the radicle curves towards its support, 
and as soon as it reaches it becomes enlarged and flattened. By 
degrees a union is established between the woody system of the para- 
site and stock, after which the former lies exclusively on the latter, 
the fibres of the sucker-like root of the parasite expanding on the 
wood of the support. Before this occurs the parasite is nourished by 
its own albumen, which is gradually absorbed. “ As soon as the 
young parasite has acquired the height of one or two inches, when an 
additional supply of nourishment is perhaps required, a lateral shoot 
is sent out, which is, especially towards the point, of a green colour. 
This at one, or two, and subsequently at various points, adheres to the 
support by means of sucker-like productions, which are precisely 
similar in structure and mode of attachment to the original seminal 
one/ 1 The fibres of the parasite never penetrate beyond their original 
attachment; in the adult the sucker-bearing shoots frequently run to 
a considerable distance. U I have seen,” says Mr Griffith, “such 
shoots which had taken their course along a decayed branch become 
replaced, and return in quest , as I may express it, of a part capable of 
affording some nourishment.” Viscum album, Mistleto, was called by 
the Druids the Mistleto of the Oak, on which, however, it is rarely 
found parasitic. It grows well on the apple-tree The formation of 
the ovule in the Mistleto, according to Schleiden, is described at If 
463. Loj'anlhus tetrandrus is used in Chili to dye black. 

900. Order 101. — Cnpiir©iiact«, the Honeysuckle Family. (Mono- 
pet. Epigyn .) Calyx with its limb 4-5 lobed, usually bracteated. 
Corolla superior, lobed, usually regular and gamopetalous, sometimes 
irregular. Stamens epieorolline, equal in number to the lobes of the 
coroll#, and alternate with them. Ovary adherent to the tube of the 
calyx, usually 3-celled, rarely 4-5-celled ; ovules few in each cell, 
pendulous ; style one or none ; stigmas 3-5. Fruit fleshy or dry, 
crowned by the limb of the calyx, indehiscent, uni- or multilocular ; 
endocarp sometimes bony. Seeds solitary, or several in each cell, 
pendulous ; spermoderm often bony ; embryo small in the centre of 
fleshy albumen ; radicle next the hilum. — Shrubs fh herbs, with oppo- 
, site exstipulate leaves, and corymbose flowers. Chiefly found in tire 
northern parts of Europe, Asia, and America ; found very sparingly 
in northern Africa, and little known in the southern hemisphere. 
The order has been divided into two suborders: — 1. Lonicere®, the 
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true Honeysuckles, with a regular rotate or tubular corolla, three 
sessile stigmas, and a raphe on the inner side of the ovule. 2. 8am- 
buceae, the Elder Tribe, with a corolla more or less tubular, often 
irregular, a filiform style, and a raphe on the outside of the ovule. 
Lindley gives 14 genera, and 220 species. Examples — Lonicera, 
Caprifolium, Leycesteria, Linnaea, Sambucus, Viburnum. 

901. Many of the plants, such as the Honeysuckle and Elder, have 
odoriferous flowers. Some possess emetic and purgative properties. 
The fruit of Sambucus nigra , the Common Elder, is used in the manu- 
facture of a kind of wine. The flowers contain a small quantity of 
concrete volatile oil, and a minute portion of a volatile odoriferous oil. 
The inspissated juice of the fruit, and the inner bark, possess purga- 
tive qualities. Viburnum Opulus , the Gueldres Hose, is often culti- 
vated in gardens. Viburnum Lantana has an acrid bark. Linncea 
borealis is a delicate northern plant, named after Linnaeus. SymphoH- 
carpus racemosa yields the Snowberry. 

902. Order 102. — Kiibiacrr©, the Madder and Peruvian Bark 
Family. ( Monopet . Epigyn.) Calyx adherent with the ovary, the 
limb with a definite number (usually 4-5) of divisions, sometimes 
obsolete (fig. 619 c)< Corolla gamopetalous, regular, tubular, or rotate 
(fig. 619 /?), inserted into the calyx, usually with 4-5 divisions (fig. 
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618) ; aestivation valvate or imbricate. Stamens more or less adherent 
to the corolline tube, as many as the lobes of the corolla, and alternate 



Figs. 617-622.— Illustrations of the natural order Unblucea* 

Fig: #17 —Diagram of the flowei of Galium Mollugu, belonging to the section Stellutfe. Calyx 
nearly obsolete, corolla rotate, 4-lobed, 4 stamens, and didymous ovuiy. 

Fxg. 618.— Flower entire. 

Kjg. 619 —Flower cut vertically, c, Calyx adherent to the ovary, o, which is 2-oelled. p t Co-‘ 
rolia. e «, Stamens surrounding the style and stigmas. 

Fig. 620.— Fruit of Bttbia tinctoria, Madder. 

Fig. 621.— The same, showing the separation of the two carpels 
FijP 622. — The seed cut vertically, p, Perisperm. c. Curved embryo. 
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■with them (fig. 617). Ovary inferior, usually bilocular (fig. 619 o), 
sometimes muitilocular, crowned with a fleshy disk ; ovules numerous 
or solitary, anatropal or amphitropal ; style single, sometimes partly 
divided ; stigmas usually 2, more or less distinct (fig. 619). Fruit 
inferior, 2- or many-celled, dry or succulent, either indehiscent or 
splitting into two mericarps (figs. 620, 621). Seeds 1 or many in 
each cell, in the former case erect or ascending (fig. 619), in the latter 
attached to a central placenta; albumen copious, horny or fleshy 
(tig. 622 p) ; embryo small, straight, or slightly curved (fig. 622 e) ; 
cotyledons leafy ; radicle turned to the hilnm. — Trees, shrubs, or herbs, 
with simple, entire, opposite, or verticillate leaves, which have either 
interpeliolary stipules (fig. 190), or are exstipulate. The order has 
been divided into two suborders ; — 1. Cinebonea?, with rounded stems, 
usually opposite leaves, and interpeliolary stipules (fig. 190), natives 
of the hotter parts of the world. 2. Gahere, or Stellatie, with square 
stems, verticillate leaves, and no stipules ; natives of northern and 
colder regions. Lindlev considers these divisions as separate natural 
orders. Some authors think that the verticillate leaves of Stellatae 
consist partly of true leaves, and partly of stipules. The order in- 
cludes nearly 280 genera, and upwards of 2800 known species. Ex- 
amples — Cinchona, Gardenia, lledyotis, Jsertia, II amelia, Guet tarda, 
Piederia, Coffea, Ophaelis. Psychotria, Spermacoce, Anthospernium, 
Opercularia, Galium, Iiuhia. 

903. The properties of the order, in general, are tonic, febrifuge, 
and astringent. Many important articles of materia inedica are fur- 
nished by the plants in the suborder Cinchonea?. Peruvian or Jesuits' 
Bark, Quinquina of the French, China of the Germans, known under 
the vague and ill-defined names of Pale, Yellow, and Red Bark, is 
procured from various species of Cinchona , which grow abundantly in 
the district of Upper Peru. The Cinchona trees seem to be confined 
exclusively to the Andes, within the boundaries of Peru, Columbia 
and Bolivia, from 11° north lat to 20" south lat., chiefly growing at 
elevations varying from 3000 to 9000 feet above the level of the sea, 
and in a dry rocky soil. The barks are met with cither in thick, 
large, flat pieces, or in thinner pieces, which curl inwards during dry- 
ing, and are calk'd quilled. Britain is said to import from 225,000 
to 556,000 lbs. annually, and to retain 120,000 lbs. for home consump- 
tion. At least twelve species are supposed to furnish commercial barks, 
but great obscurity prevails as to the species to which the various kinds 

bark should be referred. The chief officinal kinds [«re: 1. Crown- 
Kirk, China-loxn, a pale bark in quills 6 to 15 inches long, the 
>rodtice of Cinchona armlaminea , which inhabits the mountains in 
ke vicinity of Loxa, at an elevation of from 5700 to 7500 feet. 2. 
bay bark, Silver bark, or Huanuco bark, Chiiia-lluanuco, another 
r ariety of quilled pale bark, obtained from Cinchona nitidci and 

u 2 



450 


XCUBTAC&B. 


crcmtha , found near Huanuco, Peru. 8. Yellow bark, China-regia, 
or Calisaya bark, partly flat, partly quilled, procured from Cinchona 
Calisaya , which grows around Apolobamba. 4. Red bark, China- 
rubra, partly flat and partly quilled, procured from an unknown 
species. Besides these, there are various inferior kinds of bark met 
with in commerce, such as Ash bark, China-Jaen, from Cinchona 
ovata; hard Carthagena bark, China-flava-dura, from Cinchona cordi- 
folia ; Rusty bark, China-Huamalies, from C. condaminecL, var. Chat - 
marguera; Orange-bark, from C . lancifolia; and Red bark of Santa- 
F^, from Cinchona magmfolia. The following is the arrangement 
adopted by Pereira : — 

A. True Cinchonas with a Browm Epidermis. 

I. Pale Barks. 

1. Crown or Loxa Bark Cinchona condaminea, 17. and B. 

2. Gray, or SiLver, or Huanuco Bark... Cinchona micrantha, R. and P. (C. 

scrobiculata, //. and B.) 

3. Ash or Jaen Bark Cinchona ovata, FI. Peniv. 

4. Kusty or Huamahes Bark C. condaminca, var. chatmarguera, 

De Cand. 

II. Yellow Barks. 

5. Royal, Yellow, or Calisaya Bark ... Cinchona Calisava, Wedd. 

III. Red Barks. 

6. Red Bark Cinchona sp. ? 

B. True Cinchonas with & White Epidermis. 

I. Pale Barks. 

7. White Loxa Bark Cinchona sp ? 

II. Yellow Barks. 

8. Hard Carthagena Bark ... 

9. Fibrous Carthagena Bark 

10. Cuzco Bark 

11. Orange Bark of Santa Fe. 

III. Red Barks. 

12. Red Bark of Santa-Fe C. oblongifolia, Mntis (C. magni- 

folia It. and P .) 

Cinchona bark contains three alkalis, Cinchonine, Quinine, and Quini- 
dine, to which its active properties are due ; the first is best obtained 
from Cusco bark, the second from Yellow bark, and the third 
from fibrous Carthagena bark. They exist in combination with 
Kinic acid. Cinchona bark is used medicinally as a tonic and anti- 
riodic, in cases of dyspepsia, neuralgia, and intermittent fever. 
It has been administered in the form of infusion and tincture; 


Cinchona cordifolia, Muiin. 

C. eondaminea, var. lancifolia. 

C. pubescens, Vahl. (C. purpurea, 
li. ami P.) 

C. lancifolia, Mutis (C. angusti- 
folia, P.) 
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but at present, the disulphate of Quina is the chief preparation used. 
The genus Eocostemma yields various kinds of false Cinchona bark, 
which do not contain the Cinchona alkalis. In this genus the sta- 
mens are exserted, whereas in Cinchona they are included. The 
following are some of the false barks noticed by Pereira : — 

1. St Lucie or Piton Bark Exostemma floribumlum. 

2. Jamaica Bark E. caribaeum. 

8. Pitaya Bark Exostemma sp. ? 

4. False Peruvian Bark E. peruvianum. 

5. Braziliaa Bark E. souziaimm. 

Pinchneya pubens yields the fever-bark of Carolina. 

904. Some of the plants of this order have emetic and purgative 
qualities. Cephdelts Ipecacuanha 3 T ields the Ipecacuanha of the Phar- 
macopoeia. The plant is found in the woods of several Brazilian pro- 
vinces, as Pernambuco, Bahia, and Rio Janeiro. The roots which are 
the officinal part, are contorted, knotty, and annulated, and about the 
thickness of a goose-quill. They are used as emetic and diaphoretic 
remedies, in the form of powder or wine. Their active ingredient is 
an alkaloid called Emeta or Emetine. Besides this brown or gray an- 
nulated Ipecacuanha, there are spurious kinds, such as striated or Black 
Peruvian Ipecacuanha, the produce of Psychotria emetica , and white or 
amylaceous Ipecacuanha, furnished by Richardsonia scabra (brasilienw,) 
a native of the provinces of Rio Janeiro and Minas Geraes. Some of 
the species of Psychotria, Cephaelis , and Randia , are sai.d to act so 
violently as to produce poisonous effects. 

905. Among the astringent plants of the order may be noticed 
Uncaria Gambir , which supplies a kind of Catechu, known by the name 
of Gambeer. Of the plants furnishing articles of diet, the most im- 
portant is Coffea arabica , a native of Arabia and of the borders of Abys- 
sinia, which furnishes the Coffee of commerce. The fruit is succulent, 
and the horny albumen of the seed is the part used as a beverage. It 
contains a bitter principle, denominated Caffein, which is identical 
with that got from Tea. The import of Coffee into the United King- 
dom, in 1847, was 19,783 tons, and in 1848, it was 24,553 tons. The 
seeds of some other plants of the order, as species of Galium, have been 
used as substitutes for Coffee. Among the plants yielding d}'e, the 
most interesting is Rubia tinctoria, the root of which is the Madder of 
commerce. It contains three volatile colouring matters — madder 
purple, orange, and red. The latter is in the form of crystals, having 
a fine orange-red colour* and called Alizarine. This is the substance 
which yields the turkey-red dye. Rubia Munjisla, ( cordifolia ), Mun- 
jeet, is also used for a similar purpose, Oldenlandia umbellata is em- 
ployed in the East Indies as a substitute foi Madder, and so is the root 
of Morinda dlnfoUa , under the name of Sooranjee. The latter yields 
ft peculiar oolouring matter, called by Dr. Anderson, Morindine. It 
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is extracted from the bark of the root, and is procured in the form of 
minute acicular crystals of a fine yellow colour. It is incapable of pro- 
ducing colours with alum and iron mordants, but with turkey-red mor- 
dant it produces a dark red. Many of the plants of this order, especi- 
ally in the section Cinchonese, have very showy and fragrant flowers. 
The species of Musscenda and CalcophyUunij are remarkable on account 
of one of their sepals becoming large and showy. Asperula odorata , 
Wood-ruff, gives out its fragrance when dried. 

906. Order 103.— Vni«riaimccer, the Valerian Family. (Monopet. 
Epir/yn.) Calyx superior, its limb being either membranous or pap- 
pose. Corolla gamopetalous, inserted into the top of the ovary, tubu- 
lar, 3-4-5-lobed, sometimes gibbous or spurred at the base. Stamens 
1-5, adherent to the corolla and alternate with its lobes. Ovary 
inferior, 1-3-celled ; ovule solitary, pendulous, style filiform ; stigmas 
1-3. Fruit dry, indehiscent, crowned by the limb ol the calyx, 
1-celled, in consequence of 2 cells being abortive. Seed solitary, 
pendulous, exalbuminous ; embryo straight ; radicle superior. — Herbs, 
with opposite exstipulate leaves, and cymose inflorescence. They are 
found in temperate climates. Lindley gives 12 genera, and 185 species. 
Examples — Patrinia, Valeriana, Ccntranthus. 

907. The plants belonging to the order are strong scented or aro- 
matic, and some of them have been used as bitter tonics, anthelmintics, 
and antispasmodics. The root of Valeriana officinalis is the common 
medicinal Valerian. It has a bitter acrid taste, and a peculiar odour, 
which is fetid and disagreeable in the dry state. In the form of 
tincture and infusion, it is prescribed in cases of hysteria. Other 
species of Valerian, as V . celt tea, Phu^sitchcnsis^ and Saliunca, have 
similar properties. Valerian is known to have a peculiar effect on 
cats, causing a species of intoxication. Nardostachys Jatamansi is 
the to, vagSc?, or spikenard of the ancients, which was highly prized 
on account of its perfume. \ alcruwellti ohtovm , Lamb s lettuce, is 
used as a salad. Many of the plants in the order secrete a peculiar 
volatile oil, to which these properties jire due 

908. Order 104. — ©ip»acnccEc, the Teazel Family. ( Monopet . 
Fpigyn .) Calyx superior, with an entire, or toothed, or pappose limb 
(fig. 278). Corolla gamopetalous, tubular, inserted on the calycine 
tube, with an oblique 4-5-lobed limb ; aestivation imbricated. . Sta- 
mens 4, attached to the tube of the corolla, and alternate with its 
lobes ; anthers dithecal, distinct. Ovary cohering with the tube of 
the cMyx, either closely or only at the apex, unilocular ; ovule soli- 
tary, pendulous, anatropal ; style filiform ; slfgiaa simple. Fruit dry, 
indehiscent, crowned by the limb of the calyx, covered by an epicalyx 
or involucellura, 1-celled. Seed solitary, pendulous, albuminous; 
embryo straight; radicle superior. — Herbs or undershrubs, with 
opposite or verticillate leaves, and capitate or verticillate flowers, 
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surrounded by a many-leaved involucre (figs. 232, 244). They are 
found in the south of Europe, the Levant, and at the Cape of Good 
Hope. The properties of the order are unimportant. The name 
Dipsacus is derived from Sty*, thirst, in consequence of the bases of 
the leaves of some of the species being connate, in such a way as to 
enclose a cavity which contains water ready to allay thirst. Com- 
mon Teazel is hence called Venus’s Bath; the water contained 
in which was considered good for bleared eyes. The heads of Dipsacus 
fullonum , Fullers’ Teazel, on account of their spiny bracts, are used in 
dressing cloth. Some of the species arc reputed febrifugal. Scabiosa 
succisa is said to yield a green dye, and has from its astringent qualities 
attracted the attention of tanners. Lindley mentions 6 genera, includ- 
ing 150 species. Examples — Morina, Scabiosa, Dipsacus. 

909. Order 105. — C^aiyceraceap, the Calycera Family. (Monop^t. 
Epigyn.) Calyx superior, with a limb of 5 unequal segments. Corolla 
regular, infundibuliform, with a long slender tube, and a 5-lobed 
limb, the lobes having each three principal veins. Stamens 5, attached 
to the tube of the corolla, with as many alternating glands below 
them; filaments monadelphous ; anthers partially united. Ovary 
inferior, 1-celled; ovule solitary, pendulous; style single, smooth; 
stigma capitate. Fruit an achamium, crowned by the rigid spiny 
segments of the calyx, sometimes covered with papillae, which emit 
spiral tubes when placed in water. Seed solitary, pendulous ; embryo 
in the axis of fleshy albumen ; radicle superior. — Herbaceous plants, 
with alternate, exstipulate leaves, and sessile capitate llowers, sur- 
rounded by an involucre. They inhabit South America, rarely occur- 
ring in the tropical districts, but more plentiful in South Chili. Their 
properties are unknown. There are 5 known genera according to 
Lindley, and 10 species. Examples — Calycera, Boopis. 

910. Order 10(5. — Conipowitap (Asterncea; of Lindley, and Synan- 

therte of other authors), the Composite Family. ( Monopet . Epgijni) 
(Figs. 623-634). Calyx superior, its limb either wanting or mem- 
branous, or divided into bristles, paleae, or hairs, and called pappus 
(figs. 277, 279, G2G a). Corolla gamopetalous, ligulate (figs. 301, 
624) or tubular (fig. 626 p\ in the latter case usually 5-toothed, 
sometimes bilabiate (fig. 625) ; two marginal veins, containing spiral 
cells, run along each of the corolline divisions, and afterwards proceed 
along the axis of these divisions ; aestivation valvate. Stamens usually 
5, alternate with the teeth of the corolla (fig. 626 e); filaments dis- 
tinct ; anthers (figs. 301 624, 625, 626 e) cohering into a cylinder 

(synantherous or syngenesious). Ovary inferior, closely adherent to 
the tube of the calyx (figs. 624, 625, 626 o, 634), and undistinguish- 
able from it, 1 -celled ; ovule solitary, erect (figs. 423, 626, 634) ; 
style simple, sometimes with collecting hairs (fig. 627); stigmas 
two, distinct (figs. 404, 627-633) or united. Fruit, an achamium 
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(Cypsela, ^ 542), crowned with the limb of the calyx (fig. 634). Seed 
solitary, erect, exalbuminous (fig. 634) ; radicle inferior. — Herbs or 
shrubs, with alternate or opposite, exstipulate leaves, and capitula of 
flowers (called florets), which are either hermaphrodite or unisexual, 
and are surrounded by bracts in the form of an involucre (figs. 242, 
243). Bractlets are sometimes interspersed with the flowers on the 
receptacle, and are then called pale©. Some of the flowers belong to 
the cyanic, others to the xanthic series ( % 679). In the same head 
the flowers are sometimes homochromous (opoe t similar, and xt*>/“** 
colour), belonging to the same series ; at other times they are hetero- 
chromous (£rggo;, diverse), belonging to different series, — the ligulate 
to the cyanic, and the tubular to the xanthic. 

911. This is one of the largest, and, at the same time, one of the 
most important natural families in the vegetable kingdom. The plants 
were all included by Linnaeus in his class Syngenesia, and were di- 
vided into five orders according to the sexes of the florets, and the 
nature of the involucre. These divisions are given at page 356, under 
the names Polygamia iEqualis, Superflua, Frustranea, Necessaria, and 
Segregata. The. following series of terms have also been employed to 
express the nature of the capitula, as regards stamens and pistils: — 

X. IIomogamoiLS (l v-le, alike, and yciuof, marriage), flowers all hermaphrodite 

(?)• 

2. Iletcrogamous (er^oe, diverse), the flowers of the disk (centre) hermaphrodite, 
those of the ray (circumference) either pistillate (female) only, or neutral, i. e, 
destitute both of stamens and pistils. 

8. Monoecious, J , male and female flowers in the same capitulura. 

Figr 623-G34 —Organs of fructification of Composite. 

Fig. 023 —Diagram of the flower of a Seneeio The outer dotted circle Indicates the pappose 
limb of the calyx, within It is the tubular corolla with five divisions, next five stamens with 
united anthers, and in the centie the 1 -celled, 1-seeded ovary. 

Fig. G24 —One of the ligulate flowers or florets ot Cichorium Intybns, Succory or Chicory, 
belonging to the section Cichoracea?. o, Ovary completely adherent to the tube of tkecalyx, the 
limb of the calyx fonning a crown surrounding the base of the ligulate (strap-shaped) corolla, 
which has five apiciiar divisions, e, Cylinder formed by the anthers (synantherous), travel sei 
by the style with its bifid stigma, s. 

Fig 625.— Flower of Chcctanthera linoarls, belonging to the section Labiatiflor®. o. Ovary 
with adherent calycine tube, t. Tube of the gamopetalous bilabiate corolla. I s, Upper lip of the 
corolla l <, Lower lip of the corolla, e, Tube of the anthers, s , The bifid stigma at the apex of 
the style. 

Fig. 62(1*— Tubular (flosculous) flower of Aster rubricaulis, belonging to the section Corym- 
biferse, cut longitudinally, to show the erect ovule, o, enclosed in the pericarp, consisting of the 
wall* of the ovary, and the calycine tube incorporated, p, United petals, a, Pappus, consisting 
of the altered limb of the calyx, e , Stamens with their united anthers, attached to the corolla. 
«, 8tyte traversing the antherine tube. 

Figs. 627-633. — Summits of the styles of plants belonging to different tribes of Composite Two 
ttigmatle bands are seen bordering the internal surface of the two branches, which terminate 
each of these styles. Several have collecting hairs at different parts. 

Fig. 627.— Summit of the style of Cichorium Intybns, one of the Cichoracea. 

Fig. 628.— — Chatanthera linearis, one of the Labiatiflor®. 

Fig. 629. Thevenotia, one of the Cynarese. 

' Fig. 630.—-——— Seneeio Doria, one of the 8eneclontde®. 

Fig. m — Aster adulter inns, one of the Asteroide®. 

Fig. 632 Stevia purpurea, one of the Eupatoriace®. * 

Fig. 633 Vemonia angustifolia, one of the Verooniace®. 

Fig. 634.— Ripe frnit (Cypsela) of a Seneeio, cut vertically, e, Exalbuminous embryo, with 
Inferior radicle, t , Spermoderm or covering of the erect seo£ p, Pericarp consisting or Ovarian 
parietes with the closely-adhereut calycine tube, s, Style. 
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4. Heterocephalous (Sripr, diverse, and a head), some capitula entirely 

male, others entirely female, in the same plant. 

5. Dioecious, S : } , some plants with male capitula only, others with female 

capitula only . 

The following series of terms have been used to express the nature of 
the capitula, as regards the form and arrangement of the flowers : — 

1. Discoid or Flosculous, corollas all tubular. 

2. Ligulate or Senriflosculous, corollas all ligulate. 

8. Radiate, corollas of the margin or ray ligulate, those of the centre or dh*k 
tubular. 

4. Falsely-discoid, corollas all bilabiate. 

5. Falsely-radiate, or radiatiform, corollas of the margin ligulate. those of the 

centre bilabiate. 


912. Jussieu divided the order into three sections: — 1. Cynaro- 
cepbalee (cynara, the artichoke), having the flowers all flosculous 
(tubular); involucre hard, conical, and often spiny. 2. Corymbiferse 
( corymbus , a corymb, and jbo, I bear), having flosculous (tubular) 
florets in the disk (centre), and ligulate (semiflosculous) in the ray 
(circumference) ; involucre hemispherical, leafy, or scaly, seldom spiny 
3. Cichoraceae ( cichorium , succory), having the florets all ligulate. 
Another section was subsequently added, containing bilabiate flowers. 

913. De Candolle made the following divisions, which are now 

pretty generally adopted: — 1 Tuhuhilorse, hermaphrodite flowers 
tubular, regularly 5- rarely 4-toothed. Under this section he in- 
cluded several tribes, in which the distinctions are founded on the 
nature of the style and stigma in the hermaphrodite flowers. These 
characters are shown in figs. 629-633, which illustrate the tribes 
Vernoniaceae (fig. 633), Enpatoriacese (fig. 632), Astcroideie (tig. 631), 
Senecionideic (fig. 630), and Cynarea? (fig. 629). 2. Labiatiflorse, 

hermaphrodite flowers, or at least the unisexual ones, divided into two 
lips (fig. 625). The subdivisions of this section are also founded on 
the style and stigma (fig. 628). 3. Liguliflora* (cichoracese), all the 

flowers hermaphrodite and ligulate (fig (>24). The form of the style 
and stigma is seen in fig. 627. 

914. Hexislow gives the following tabular view of these various 
divisions — the letter l meaning ligulate flowers ; f flosculous ; H, 
hermaphrodite; F, female; N, neuter ; M, male; the relative position 
of the letters indicating the nature of the florets in the circumference 
and in the centre of the same capitulum ; and in the last three divi- 
sions, the letters having reference to the nature of the separate 
capitula : — 


Jussieu. 

(/* f f> Cynaroeepbalft? 

(f. jl V ) Corymbiferse..., 

(1. L l.) Cichoraceae .... 

• * 


De Candolle. 

^Tubuliflorae 1. 

Liguliflorse 3. 
Labiatiflorse 2. 
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(H. II. H.) 
(F. H. F.)I 
(N H. N.)jT 
(F. M. F.) 

[(H.)3 

(M.)-(F.) 
C(M.) (F.)] 


Heads of Flowers. 
Homogamous 

Heterogamous 

Monoecious 

Involucrate florets, 

Dioecious 

Ileterocephalous. . . . 


Linnaean Orders. 

Pol vgamia aequalis. 

superflua. 

frustranea. 

neceasaria. 

segregata. 


915. The plants of this order are variously distributed over all 
quarters of the world. According to the calculations of Humboldt, 
they constitute of the phanerogamous plants of France, ^ of Germany, 
of Lapland ; in Noith America within the tropics of America J. 
Upon the authoiity of Brown, they only form T ! 7) of the Flora of the 
north of New IJolland, and did not exceed in the collection of plants 
termed by Smith upon the western coast of Airica in Congo. In northern 
regions they are generally herbaceous while in warm climates they some- 
times become shrubby, or even arborescent. Cichoracem abound in cold 
regions, while Corymbifer® are common in hot climates. The num- 
ber of known genera amounts to upwards of 1000, comprehending 
9500 or 10,000 species. They are considered as forming of the 
known species of plants and this seems to have been the proportion 
at different periods. ’Thus, Linna*us enumerates 785 Composite out 
of 8500 species of plants then known all over the world. 

Known Spniohin the World. 

In 1809 2,800 27,000 

1838 8,523 85,000 

1840 9,500 95,000 

Examples — Vernonia, Eupatorium, Aster, Beilis, Anthemis, Senecio, 
Centaurea, Carduus, Triptilion, Truis, Cichormm, Ilieracium, Sonchus. 

910. The plants belonging to this vast order have all more or less 
bitterness, which is sometimes associated with astringent, acrid, and 
narcotic qualities. 

Suborder Cynarocephalce . — The plants of this suborder are usually 
tonic and stimulant. The bitterness of the plants of this section is 
often much lessened by cultivation, so that they become esculent. 
Fhe root of Arctium Lappa ( mojus and minus), Burdock, is bitterish, 
and has been used in the form of infusion as a substitute for sar- 
saparilla. The root, leaves, and fruits (often called seeds), are diapho- 
retic, diuretic, and alterative, Lappa edulis , in Japan, supplies 
edible roots. Aucklandia Costus , found in Cashmere, is said to be 
the ancient costus, the root of which was celebrated for its virtues. 
It has an aromatic, pungent odour, and is used for incense. In 
northern India it is called Roosht ; in Bengal, Puchak. The leaves 
of Carduus Benedictus , Blessed Thistle, were lormerly used in medicine 
as a stomachic and diaphoretic. The blanched stems and leaf-stalks 

X 
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of Cynara Cardimcuhis , Cardoom are eaten, and so are the young succu- 
lent receptacles of Cynara Scohpnns , the Artichoke. The dried flower* 
of Carthamus tinctorius constitute Safflower, which yields a pink dye. 
The genus Carduus includes the various species of Thistle. What is 
denominated by gardener^ the Scotch Thistle, is Onopordnm Acan- 
tftium , a doubtful native of Scotland, but not uncommon in England. 

917. Suborder Corymbijmr . — The plants of this section have the 
general bitterness of the order, and some of them have an aromatic 
odour, from the presence of volatile oil. The flowers of Anthemis 
nobilis , Chamomile, are odoriferous, and yield a volatile oil, which is 
at first greenish or bluish, but afterwards yellowish brown. They are 
used as materials for fomentation, and an infusion of them acts as a dia- 
phoretic and emetic. An extract is made fiom them, having bitter 
tonic qualities. The essential oil is an excellent carminative. Avthe- 
vi j 3 thiclona supplies a yellow colour used for dyeing. Pyrethnun 
Parthenium , common Feverfew, is aromatic and stimulant. The root 
of Anacyclus Pynthrum , Pellitory of Spain, or perhaps of A. officl- 
narum, is an irritant and sialogogue ; its pioperties depending on tin* 
presence of a volatile oil. Tussilayo Farfara , Coltsfoot, has been used 
as a demulcent. The root of Inula llelcnimn , Elecampane, has stimu- 
lant and expectorant qualities. It contains a white amylaceous matter 
called Inulin. The species of Artemisia are remarkable for their strong 
odour and bitter taste. The heads of flowers of Artemisia Absinthium 
{Absinthium officinale , and vulgarc ), or Wormwood, and those of Arte- 
misia Santonica , and of other species, under the name of -Wormseed, 
are used as anthelmintics and tonics. Several of these species contain 
a crystalline bitter principle. Artemisia mutellina , and spicala are used 
in the preparation of a tincture or distilled spirit, called in France, Eau 
or Creme d’Absinthe, which is in request among those who are ad- 
dicted to the pleasures of the table. The woolly leaves of Artemisia 
Moxa are used in China to form the inflammable cones or cylinders 
called Moxas, which are employed as counter-irritants. Artemisia 
Dracunculus , Tarragon, is used in pickles and salads, and in the 
medication of vinegar. A. Abiotanum is commonly called Southern- 
wood, and is used on the continent in the preparation of beer. T lie 
leaves of Tanacctum vidgare* Tansyg have stimulant antispasmodic pio- 
perties. They contain a bbfer resin, and an aromatic volatile oil. 
Arnica Tnontana. Mountain Tobacco, or Leopard s-bane, is an acrid 
stimulant. Its flowers, leases, and root -stock, are administered in 
nervous diseases, as well as m gout and rheumatism. The seeds 
(properly fruits) of Ilelianthas annvus , common Sunflower, contain a 
bland oil, and when roasted they have been used as a substitute for 
Coffee. The name Helianthus the sun, and uvfog, a flower) 

lswrivod from the popular supposition, that its large heads of flowers 
ftww the sun in its course (^f 486). The roots of Helianthus tube- 
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rosus , Jerusalem, or more properly, Girasole Artichoke, are used as 
substitutes for potatoes. Eupalorium Ayapana , and Mikania Gvaco , 
have been used to cure the bites of snakes. Ceradia furcata is a 
peculiar branching coral-like plant, which grows in dry sterile places 
in the south audwest of Africa, and yields a resinoid substance, called 
by some African bdellium. Madia saliva has been cultivated on ac- 
count of its bland oil. The species of Lychnophora give a peculiar 
feature to the mountains of Minas Geraes in Brazil. They grow like 
Yellozias, and they are covered with a dense coat of Jong brownish- 
coloured wool, which is often used for beds and pillows. 

918. Suborder Cichoracece . — Most of the plants of this section yield 
a milky juice, which is bitter, astringent, and sometimes narcotic. By 
cultivation, some of them are rendered esculent. Cichorium Tntybus , 
Wild Succory, or Chicory, is cultivated for the sake of its root, which 
is used as a substitute for, and as an addition to Coffee. The blanched 
leaves of Cichoi iuni Eiuhvta constitute Endive. Taraxacum Dens 
Leonis (or ojjicinale ), Dandelion, yields a milky juice, which, in the 
form of extract, has been used medicinally as a diuretic and alterative. 
It contains a bitter crystalline principle called Taraxacine. Its root is 
mixed with Coffee in the same way as C-hicury. The inspissated juice 
of Lactuca sutlva , common Lettuce, and of L. vivos a, wild or strong- 
scented Lettuce, receives the name of Lactucarium, or Lettuce-opium, 
and is used medicinally for allaying pain, and inducing sleep. It con- 
tains a neutral active principle called Lactucin. Other species of Lac- 
tuca yield an inspissated juice having similar qualities. Scorzonera is 
the esculent root of Scorzonera hispamca y while Salsafy is the root of 
Tragopogon porrij'ohus, which is called the Oyster- plant in America. 
Many of the plants of the Cichoraceous section, such as Hieraeium , 
Sonchus , and Tragopogan , act as horological and meteorological flowers 
(^f 483, 484), their capitula opening and closing at certain periods of 
the day, and in different states of the weather. 

919. Order 107. — Rrunoniacesc, the Brunonia Family, ( Monopet . 
Perigyn.) Calyx persistent, 5 -partite, with bracts at the base. Corolla 
inserted at the base of the calyx, monopetalous, nearly regular, wither- 
ing ; limb 5-partod, having central veins in its segments, which divide 
at the top into two recurrent marginal veins ; aestivation valvate. Sta- 
mens 5, inserted with, but free from, the corolla, alternating with its 
segments; anthers articulated with the short filaments, dithecal,introrse, 
dehiscing longitudinally. Ovary free, unilocular ; ovule solitary, erect, 
anairopal ; style single; stigma enclosed in a 2-valved cup or indtisium. 
Fruit a utricle, enclosed in the hardened calycine tube. Seed solitary, 
erect, exalbuminous; embryo straight; cotyledons fleshy, plano-convex ; 
radicle minute, inferior. — Stemless herbaceous plants, with radical, 
exstipulate leaves, and capitate flowers, supported on scapes, and sur- 
rounded by an involucre of enlarged bracts. Natives of New Holland. 
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Their properties are unknown. The order contains as yet only 1 genus, 
and 2 species. Example — Brunonia. 

920. Order 108. — Gooden iacese, the Goodenia Family. (Monopet. 
Epigyn. and Perigyn.) Calyx persistent, usually equal, with 3-5 divi- 
sions, sometimes obsolete. Corolla inserted into the calyx, monopeta- 
lous, more or less irregular, marcescent or deciduous ; its tube split at 
the back, and sometimes separable into five pieces, when the calyx 
only coheres with the base of the ovary ; its limb 5 -partite, uni- or 
bilabiate, the thin part of the segments being at the edges, which are 
folded inwards in aestivation. Stamens 5, distinct, inserted with, but 
free from, the corolla, and alternate with its segments; anthers not 
articulated with the filaments, ‘distinct or cohering, bilocular, with longi- 
tudinal dehiscence; pollen-grains either separate or united in fours. 
Ovary more or less united to the calycine tube, 1-2- or 4-celled, some- 
times with a gland at its base; ovules definite or 00, attached to a 
central, often free, placenta; style 1, simple, rarely divided; stigma 
fleshy, undivided or 2-lobed, surrounded by a cup-like indusium. 
Fruit a 1-2 • or 4-celled capsule, or drupaceous or nut-like. Seeds 
definite or indefinite, with a thickened, often hard testa; embryo 
straight, in fleshy albumen ; cotyledons leafy ; radicle inferior. — Herbs, 
rarely shrubs, not lactescent, with scattered, cxstipulate, usually 
alternate leaves, and distinct, never capitate flowers. They are found 
chiefly in Australia, and in the South Sea Islands. The leaves of 
Sco’rola Tnreada are eaten as potherbs. Some superstitious qualities 
are ascribed to it? berries 4 lie pith, which is soft and spongy, is fashioned 
by the Malays into artificial flowers SccvvoJa Bela- Mod ogam appears 
to be emollient, and is used in India to bring tumours to a head. The 
order is divided into two suborders: — 1. Goodeniete, with dehiscent 
capsular fruit, and numerous seeds. 2. Scaovolea?, with indehiscent, 
drupaceous, or nut-like fruit, and seeds solitary, or two in each 
cell. There are 14 known genera, according to Bindley, and about 
150 species. Examples — Goodenia, Velleia, Lesehenaultia, Sctevola, 
Dampiera. 

921. Order 109. — Miylidinerop, the Stylidium or Stylcwort Family. 
(Monopet Epigyn.) Calyx adherent, persistent, with 2-6 divisions, 
bilabiate, or regular. Corolla gamopetalous, falling off late, limb 
usually irregular, 5-G-partite, segments with a central vein ; aestivation 
imbricated Stamens 2; filarm nts united with the style into a longi- 
tudinal column; anthers didymous, rarely simple, lying over the 
stigma; pollen simple, globose, or angular. Ovary cohering with the 
calyx, bilocular, or by contraction of the dissepiment unilocular, often 
surmounted by one gland in front, or by two opposite ones ; ovules 
anatropal ; style 1 ; stigma entire or bifid. Fruit a bivalvular, bilo- 
cular, or spuriously unilocular capsule, with scpticidal dehiscence, 
beeds 00, small, erect ; embryo minute, enclosed in fleshy, somewhat 
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oily albumen. — Non-lactescent herbs or undershrubs, with alternate, 
scattered, t>r somewhat verticillate, entire, exstipulate leaves. They 
are well distinguished by their gynandrous structure. The column 
formed by the union of the filaments and style, possesses, in the species 
of the genus Stylidum , a peculiar irritability. It hangs down on one 
side of the flower, and when touched at the point of flexure, it springs 
over with considerable force from one side to the other. If not too 
far advanced to maturity, the column will recover its former position 
in the course of time. The flower may he cut off carefully without 
disturbing the column, and the irritability continues for a consider- 
able length of time if the (lower is put into water. The movement 
is said to be connected with the bursting of the anthers, and the dis- 
charge of the pollen on the stigma. The cause of this movement is 
very obscure, but it seems to depend on some changes in the cells 
497, 665). The plants are principally natives of marshy places m 
New Holland. Some are found at the southern point of South 
America. There are 5 known genera, and 121 species. Examjrtes — 
Stylidium, Forsteia. 

922. Older 1 10. — C'amponninrrap, the ITarc-bell Family. {MonopeL 
Epigtjn.) (Fig. 635.) Calyx supeiior, usually fi-lobed (fig^. G36, 637 c) r 
sometimes 3-8- ltd t (l, persistent. Corolla gamopetalous, inserted into 
the top of the cahx, usually 5-lobed (fig. 255), sometimes 3-8-lobetl, 
regular, marcoscent. (fig. 401 e) , aestivation valvnte (figs. 63G, 637 p\. 
Stamens inserted into the calyx, alternating with ihe corolline lobes, and 
equal to them in number; anthers bilocular, free (fig. G37 e) ; pollen 
spherical. Ovary more or less completely inferior, composed of two or 
more carped; ovules indefinite (fig. G38) ; style simple, covered with 
collecting hairs (fig. G37) ; stigma naked, simple, or with as many 
lobes as there are ovarian cells (figs. 293 s, G37 &). Fiuit capsular, 
crowned with the withered calyx and corolla, dehiscing in a loculicidal 
manner by lateral apertures (figs. 461 1 1, 639), or by valves at the 
apex. Seeds 00, attached to a cential placenta; embryo straight, in 
the axis of fleshy albumen ; radicle pointing to the hilum (figs. 640- 
642). — Lactescent herbs or undershrubs, with alternate, raiely oppo- 
site, exstipulate leaves. The hairs on the style are said to be retractile, 
and seem to be connected with the application of the pollen (^] 499). 
The flow'ers in most instances belong to the cyanic series. They are 
natives chiefly of northern and temperate regions. They abound m 
the alpine regions of Europe and Asia, and are also frequent in North 
America. Alphonse De Candolle states that the species whose capsule 
dehisces by lateral fissures are natives of the northern hemisphere, 
while those with apicilar dehiscence are principally found in the 
southern hemisphere. The milky juice found in the plants of this order 
has acrid properties. The roots and young shoots of Campanula Ra - 
punculus , Kampion, are used as articles of diet. Lindley enumerates 
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28 genera, including 500 species. Examples — Campanula, Phyteuma, 
Jasione. 



923. Orcl'-r 111. — I^obclinceae, the Lobelia Family. ( Monopet 
Epigyn.) Calyx superior, 5-lobed or entire. Corolla gamopetalous, 
inserted on the calyx, irregular, more or less deeply 5-cleft. Stamens 
5, attached to the calyx, alternate with the segments of the corolla; 
anthers cohering ; pollen oval. Ovary inferior, 1-3-celled ; ovules 00, 
attached either to central or parietal placentas ; style glabrous, with a 
fringe of hairs below the stigma. Fruit a 1- or many-eclled capsule, 
with apicilar dehiscence. Seeds numerous ; embryo straight, in the 
axis of fleshy albumen ; radicle pointing to the hilum. — Lactescent 
herbs or shrubs, with alternate, exstipulatc leaves. They are found 
both in temperate and warm countries. There are 27 known genera, 
and 375 species. Examples — Lobelia, Siphocampylus, Clintonia. 


Figs. 635-642. — Organs of fructification of Campanula Rapunculus, Itampi on, to illustrate the 
natural order Campanuhtceae. 

Fig. 635.— Diagram of the flower, showing five dmslons of the calyx, five divisions ol the 
corona alternating with them, five alternating stamens, and five cells ol the ovaiy. 

Fig. 636.— Flower-hud. c. Calyx adheieut to the ovary, p, Corolla, with valvate aestivation. 

Fig. 637 — Vertical section ot the flown* c Calyx cohering with the ovaiy, o. p , Gamo- 
petalons corolla, e. Stamens with bilnuihu nntheis s, Lobod stigma at the apex of the style, 
which is covered with collecting bans, o , Ovaiy containing numerous ovules attached to a 
centml placenta. 

Fig 638.— Horizontal section of the ovary. 

Fig. 639. — Fruit crowned by the limb of the calyx, dehiscing by openings at the base 

Fig 640.— Seed in an entire state. 

Fig. 64L — Seed cut vertically, p , Pcrisperm (ulhnmcn) c, Straight embryo in the axis of 
the albumen, with the radicle pointing to iho hilum 

Fig. 642.— Embryo detached, showing its form, the cotyledons and radicle. 
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924. Acridity prevails more or less in the order. The milky juice 
of some, such as Lobelia urens , is said to be vesicant. Lobelia wflata , 
Indian Tobacco, a native of North America, is used medicinally as a 
sedative, expectorant, and antispasmodic. It is chiefly administered in 
cases of asthma. The whole plant is active, but the root and capsules 
are said to be most poweiful. In large doses, the plant acts as a nar- 
cotico-acrid poison. It owes its properties to a bitter principle called 
Lobelein. The root of Lobelia syphilitica is acrid and emetic. The 
milky juice of some of the plants of the order contains a considerable 
quantity of caoutchouc. 

925. Order 112. — CJosncrac^ae, the Geshcra Family. (Monopet. 
Perigyn.) Calyx partially adherent, ^-partite ; aestivation valvate. 
Corolla monopetalous, tubular, more or less irregular, 5-lobed ; [estiva- 
tion imbricated. Stamens 4, didynamous, with the rudiment of a 5th, 
rarely 2 ; anthers dithecal, with a thick swollen connective. Ovary 
partly free, unilocular, formed by two carpels with parietal placentas, 
which are 2-lobed ; ovules indefinite, anatiopal; style continuous with 
the ovary ; stigma capitate, concave, glandular or annular. Disk sur- 
rounding the base of the ovary. Fruit capsular or succulent, 1 -celled, 
more or less adherent. Seeds 00, minute ; testa thin, finely and 
obliquely veined ; embryo erect in the axis of fleshy albumen ; radicle 
pointing to the hilum. — Herbs or shrubs, often spiinging from scaly 
tubers, with opposite orwhorlcd, rugose, exstipulate leaves and showy 
llowers. They are found principally in the warmer regions of America, 
and are interesting chiefly on account of their beauty, for they do not 
appear to possess any important qualities. There are 22 known genera, 
and upwards of 120 species. Examples — Gesnera, Columnea, Gloxinia, 
A chi men es. 

926. Order 113. — Styraeaceip (Symplocinoa* of Don), the Storax 
Family. ( Monopet . Perigyn ) Calyx persistent, with an entire or a 
5- or 4-divided limb. Corolla gamopetalous, regular, inserted in the 
calyx ; [estivation imbricated or valvate. Stamens definite or 00, 
attached to the corolline tube, of unequal length ; filaments often 
slightly united at their base in one or more parcels ; anthers innate, 
dithecal, introrse. Ovary either free or cohering more or less to the 
calycine tube, 2-5-celled, the septa occasionally deficient towards the 
centre ; ovules 2-4 in each cell or 00, pendulous, sometimes the upper 
ones ascending; style simple; stigma simple. Fruit enclosed in the 
calyx, drupaceous, usually unilocular by abortion. Seeds usually 
solitary, erect or suspended ; embryo slender, in the axis of fleshy 
albumen; cotyledons flat, foliaceous; radicle long, pointing to the 
hilum. — Trees or shrubs, with alternate, exstipulate leaves, and 
frequently stellate hairs. They are chiefly natives of warm countries. 
There are two sections: — 1. Styraceae, with a more or less valvate 
aestivation of the corolla, and long anthers. 2. Symploce©, with 
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a quincuncial corolline aestivation, and roundish anthers. Lindley 
gives 6 genera, including 115 species. Examples — Styrax, Halesia, 
Symplocos. 

927. The plants of the order have in general stimulant, aromatic, 
and fragrant properties. Styrax officinale , a tree inhabiting Syria, 
Arabia, and the southern parts of Europe, is supposed to be the 
source of the balsamic resinous substance called Storax. The resinous 
juice is procured after incisions or punctures by insects. Common 
Storax is imported into Britain from Trieste, in the form of little cakes, 
having a balsamic odour. Besides resin and a little volatile oil, it 
contains from 1-2^ per cent of Benzoic acid. It has been employed 
medicinally as a pectoral remedy. Styrax Benzoin is a tree 70 or 80 
feet high, a native of Sumatra and Borneo, which yields by incisions 
the concrete balsamic exudation called Benzoin. When fine, this 
substance contains about 80 per cent of resin, and nearly 20 of Ben- 
zoic acid. It is used medicinally as a stimulant expectorant, and is 
one of the ingredients in the celebrated Friar’s balsam. It exists also 
in other empirical remedies, such as Riga balsam and Jesuits’ drops. 
Benzoin is generally used for fumigation and incense. Pastilles are 
made by mixing it with balsam of tolu, sandal-wood, labdanuin, char- 
coal, nitre, gum, and tragacanth. Ilalesias are the Snow-drop trees 
of Caroling. Some of the species of Symplocos are used for dyeing ; 
others are used as tea. 

928. Order] 14. — Columclllaceic, the Columellia Family. (MonopUt, 
Epigj/n.) Calyx superior, quinquepartite. Corolla rotate, inserted 
into the calyx, 5-8 parted ; Motivation imbricate. Stamens 2, inserted 
in the throat of the corolla ; antheis roundish, 3-lobed, extrorse, each 
consisting of six linear sinuous cells, arranged in pairs, dehiscing longi- 
tudinally, and attached to a 3-lobed fleshy connective I)Fk fleshy, 
perigynous. Ovary adhering to the ealycine tube, 2-celled ; ovules 
00 ; style simple, smooth ; stigma capitate, 2-lobed. Fruit, a bilocular, 
bivalvular capsule, with both septicidal and loculicidal dehiscence. 
Seeds 00 ; testa smooth and coriaceous ; embryo straight, in the axis 
of fleshy albumen ; cotyledons oval, obtuse; radicle long, pointing to 
the hilum. — Evergieen shrubs or tiees, with opposite, entire, exsti- 
pulate leaves, and solitary yellow flowers. Natives of Mexico and 
Peru. Their propeities unknown. There is 1 genus mentioned, 
including 3 species. Example — Columellia. 

929. Order 115. — Vaecfniaceau the Cranberry Family. ( Monopet . 
Epigyn.) Calyx superior entire, 4-6-lobed. Corolla monopetalous, 
4-6-lobed; aestivation imbricated. Stamens distinct, 8-12, inserted 
into an epigynous disk ; anthers bilocular, with two horn-like cells, de- 
hiscing by pores (fig. 335). Ovary interior, 4-5-celled ; ovules 00; 
Style simple; stigma simple Fruit succulent, crowned by the per- 
sistent limb of the calyx. Seeds 1 or many in each cell, minute ; em- 
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bryo straight, in the axis of fleshy albumen ; cotyledons very short ; 
radicle long, inferior — Shrubby plants, with alternate, undivided, 
exstipulate leaves. They are closely allied to Ericaceae, and differ from 
that order chiefly in their adherent (inferior) ovary. They are natives 
of temperate regions, and some of them are marsh plants. Some are 
astringent, others yield subacid edible fruits. Cranberries are pro- 
duced by Vaccinium Oxycoccus ( Oxycoccus palnstris of some), and V. 
macrocarpum . V. Vitis-ulcco red Whortleberry, or Cowberry, yields 
a fruit which is often used as a substitute for Cranberries. The leaves 
of the plant are sometimes used to adulterate Uva-Ursi. V. vliginosum , 
found in alpine countries, produces the black whortleberry. Vaccinium 
Myrtillns yields the Bilberry or Blaeberry. There are 15 genera 
and 200 species. Examples — Vaccinium, Oxycoccus, Thibaudia. 


Subclass HI —Corot 

Calyx and corolla present. Corolla gamopctalous, hypogynous, 
usually bearing the stamens. It includes the hypogynous mono- 
petalous and gamopetalous orders of Jussieu and Endlicher. 

930. Order 1 1 6 . — Ericaceae, the Ileath Family. ( Monopet . Ifypog.) 
Calyx 4-5-cleft, nearly equal, persistent. Corolla inserted at the base 
of the calyx, or hypogynous, monopetalous (tig. 298), 4-5-cleft, some- 
times tetra- or pentapetalous, regular or irregular, often marcescent ; 
aestivation imbricated. Stamens definite, equal in number to the seg- 
ments of the corolla, or twice as many, inserted with the corolla, and 
either free from it or attached to its base ; anthers 2-celled, cells hard 
and dry, bifid (fig. 330), usually having appendages at the base 
(fig. 338 a) or apex, dehiscing by apicilar pores (fig. 340) or clefts. 
Ovary free, surrounded at the base by a disk or scales, multilocular ; 
ovules 00, attached to a central placenta; style 1, straight ; stigma 1, 
undivided (fig. 408), or toothed. Fruit capsular or baccate, many- 
celled, with loculicidal or scepticidal dehiscence. Seeds 00, minute ; 
embryo cylindrical, in the axis of fleshy albumen ; radicle next the 
hiium.— Shrubs, undershrubs, or herbaceous plants, with evergreen, 
often rigid, entire, verticillate, or opposite, exstipulate leaves. The 
order contains many beautiful and showy plants, which abound at the 
Cape of Good Hope, and which are found also in Europe, North and 
South America, and Asia. The order has been divided into the fol 
lowing suborders: — 1. Erieea3, with the testa closely adherent to the 
kernel, including the true Heaths with naked buds, and the Rhododen- 
dron tribe with scaly conical buds. 2. Monotrope&b seeds having a 
loose winged testa, including the true Monotropas or Fir-rapes, scaly 
plants, with longitudinally or transversely dehiscent anthers, and 
Pyrolece, or the Wintergreen tribe, leafy plants with porous anthers. 
There are 52 known genera, and nearly 880 species. Examples — 
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Erica, Calluna, Menziesia, Andromeda, Arbutus, Rhododendron, 
Azalea, Monotropa, Pyrola. 

9tU. The plants of the order are not distinguished for medicinal 
virtues. None of the species of Erica are put to any use. There are 
six species of the genus natives of Britain : two of which, E . cinerea 
and E. Tetralir, , are common ; two are peculiar to Ireland, E. Mac - 
kaiana and E medlterranea ; and two are common to England and 
Ireland, E. ciliaris and E. vagans. Calluna vulgaris , is Ling, or the 
common Heather. It has astringent qualities, and has been used for 
dyeing. It is commonly made into brooms. The leaves of Arbutus , 
or Arctosta pi agios (Jva-Ursi , Bearberry, are used as astringents, 
especially in chronic mucous discharges. Many of the species of 
Rhododendron , Azalea , Kahnia , Andromeda, and Ledum , have poi- 
sonous narcotic qualities. Those properties are well marked in Rho- 
dodendron Chvffsanlhum , a Siberian species. It is said that Azalea 
pontica was the plant, the flowers of which yielded the poisonous honey, 
noticed by Xenophon in his account of the retreat of the 10,000. 
The fruits of many plants belonging to the order are eatable. Gaul- 
theria procvntbcns and Slndfon are American shrubs, which furnish 
succulent and grateful berries. They yield a volatile oil. Arbutus 
Unedo is called Strawberry-tree, from its fruit resembling a straw- 
berry in aspect. It is, however, by no means agreeable as an article 
of food, and the specific name may possibly indicate, that to cat one is 
sufficient. The plant grows at the Lakes of Killarney in a native 
state. Chimaphila ( Pyrola ) umbellata , a North American plant, has 
been employed as a tonic and diuretic The leaves have a bitter 
astringent taste, and the fresh plant is irritant. 

932. Order 117. — Epacrldaeeie, the Epacris Family. (Monopet. 
Ilypog.) Calyx 5- rarely 4-parted, often coloured, persistent. Co- 
rolla inserted at the base of the calyx, or hypogynous, deciduous or 
marcescent, monopetalous, sometimes separable into 5 petals; limb 
with 5, rarely 4, equal divisions, sometimes by the cohesion of the 
segments, bursting transversely ; aestivation imbricated or valvate 
Stamens inserted with or on the corolla, equal in number to, and 
alternate with its segments, rarely fewer; anthers 1 -celled (fig. 327), 
without appendages, opening longitudinally ; pollen round, or formed 
of three united grains, attached to a single central receptacle. Ovary 
sessile, free, multiloeular, rarely unilocular, surrounded by scales at 
the base ; ovules solitary or 00 ; style 1 ; stigma simple, sometimes 
toothed. Fruit drupaceous, baccate, or capsular. Seeds albuminous ; 
embryo slender, in the axis of fleshy albumen, and about half its length. 
— Shrubs, or small trees, with alternate, rarely opposite, exstipulate 
leaves, which are sometimes half-amplexicaul at the base. They are 
alj^ to Ericaceae, and seem to occupy the place of heaths in Australia. 
IjBjPare distinguished from heaths by the structure of their anthers. 
Spue yield edible fruits One of the plants, called Native Currant 
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in Australia, is Lencopogon Eichei. The order has been divided into 
two sections: — 1. Epacrem, polyspermous. 2. Stypheliem, mono- 
spermous. There are thirty known genera, and 320 species.* Ex- 
amples — Epacris, Sprengelia, Styphelia, Leucopogon, Lissanthe. 

933. Order 1 18. — Ebenacese, the Ebony Family. ( Monopet . Hypog.) 
Flowers hermaphrodite or unisexual. Calyx 3-7-divided, nearly 
equal, persistent. Corolla gamopetalous, regular, deciduous, somewhat 
coriaceous ; limb with 3-7 divisions ; aestivation imbricated. Stamens 
either attached to the corolla, or hypogynous, 2 or 4 times as many 
as the corolline segments, rarely equal to them in number, and then 
alternate with them ; filaments usually in two rows, the inner row 
having smaller anthers ; anthers erect, lanceolate, bilocular, with 
longitudinal dehiscence. Ovary free, sessile, multilocular ; ovules 
1-2 in each cell, pendulous; style divided, rarely simple; stigmas 
bifid or simple. Fruit fleshy, round or oval, the pericarp sometimes 
opening regularly. Seeds few ; testa membranous ; embryo straight, 
nearly in the axis of cartilaginous albumen ; cotyledons leafy ; radicle 
taper, next the liilum. — Trees or shrubs, not lactescent, with alter- 
nate, exstipulate, coriaceous leaves. They are chiefly found in tro- 
pical regions, and many species are met with in India. The plants 
are in general remarkable for the hardness and durability of their 
wood. Some yield edible fruit. Diospyros Ebenus and other African 
and Asiatic species, supply Ebony, which is the black duramen of the 
tree. Other species of Diospyros furnish lronwood. Diospyros 
virginiana, the Persimmon, yields a fruit (sometimes called the Date- 
plum) which is austere when green, but becomes sweet and eatable 
when ripe, especially alter being acted on by frost. Its bark has 
been employed as a febrifuge. D. Kali is the Kog-fig of Japan, the 
fruit of which resembles a plum. Diaspt/i'us hirsuta and a variety of 
D. Ebenasier , supply the Coiomandel oi Calamander wood of Ceylon. 
Genera 9, species 160. Examples — Diospyros Royena, Maba. 

934. Order 119, — AqaifoJiacroc (Ilicinem of some), the Holly Family. 
(Monopet. Hypog ) Sepals 4-0; aestivation irnbiicated. Corolla mono- 
petalous, hypogynous, 4-G-paited; aestivation imbricate. Stamens 
inserted into the corolla, alternate with its segments, and equal to 
them in number; filaments straight; anthers adnate, bilocular, in- 
trorse. Disk 0. Ovary free, fleshy, somewhat truncate, 2-6-celled ; 
ovules solitary, anatiopal, pendulous from a cup-shaped funiculus; 
stigma nearly sessile, lobed. Fruit fleshy, indeliiscent, with 2-6 mono- 
spermous nucules, and hence it is sometimes called a nuculaniutn 
(^[ 553). Seed suspended; albumen large, fleshy; embryo small, 
lying next the hilum ; cotyledons small; radicle superior. — Evergreen 
trees or shrubs, with alternate or opposite, coriaceous, simple, exsti- 
pulate leaves. They are found in various parts of the world, as in 
Europe, North and South America, and Africa. Lind ley enumerates 
11 genera, including 110 species. Examples — Ilex, Prinos. 
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935. Astringent and tonic properties seem to pervade the order. 
Ilex Aquifoliuni , the common Holly, is a native of Europe, and is one 
of tH! indigenous plants of Britain. It forms excellent fences and 
hedges. At Tynningham, in Scotland, there are 2952 yards of holly 
hedges, most of them upwards of 130 years old. These hedges vary 
in height from 10 to 23 feet, and they are 9 to 13 feet wide at the 
base. The leaves and bark of the Holly are said to possess tonic and 
febrifuge properties ; while its succulent fruit (berries) are emetic and 
purgative. Haller recommends the juice of the leaves in icterus. Its 
.wood is white and hard, and is much esteemed in turnery, joinery and 
cabinet work, while its bark furnishes bird-lime. Ilex Paraguayensis 
furnishes Yerba Mate or Paraguay Tea, which is used extensively in 
some districts of South America. The leaves of the plant yield the 
bitter principle called Theine, which has been mentioned as existing 
in Tea and Coffee. Other species of Ilex are employed in Brazil for a 
similar purpose. The black drink of the Creek Indians is prepared 
from the leaves of Ilex vomitoria . 

93G. Order 120 — fcapoiaccas the Sappodilla Family. ( Monopet . 
Ilypog.) Flowers hermaphrodite. Calyx regular, with 5, sometimes 
4-8 divisions, persistent; aestivation valvate or imbricate. Corolla 
monopetaious, hypogynous, deciduous, regular, its lobes equal to, rarely 
twice or thrice as many as those of the calyx. Stamens inserted on 
the corolla, definite, distinct ; fertile ones as many as, rarely more than, 
the segments of the calyx, with which they alternate ; sterile ones al- 
ternating with the fertile ones, rarely wanting. Disk 0. Ovary free, 
multilocular ; ovules solitary, anatropal, ascending or pendulous ; style 
1 ; stigma simple, sometimes lobed. Fruit fleshy, multilocular, or by 
abortion unilocular. Seeds nut-like, solitary ; testa bony and shining, 
with a long scar on its inner face ; embryo large, erect, white ; albumen 
usually fleshy, sometimes 0 ; cotyledons in the albuminous seeds, folia- 
ceous, in the exalbuminous, fleshy; radicle straight or slightly curved, 
pointing to the hilum. — Lactescent trees or shrubs, with alternate, ex- 
stipulate, entire, coriaceous leaves. They are natives chiefly of the 
tropical parts of India, Africa, and America. A few are found at the 
Cape of Cood Hope. The number of known genera noticed by Bindley 
is 21, species 212. Examples — Chrysophyllum, Achras, Bassia, Iso- 
nandra, Mimusops. 

937. Many of the plants of this order yield edible fruits, while others 
supply oily matter. Some act as tonics, astringents, and febrifuges. 
Achras Saqyola, and other species, furnish the Sappodilla Plum and 
Naseberry, well known West Indian fruits; while Achras mammosa 
yields the fruit called Marmalade. The bark of some of the species of 
Achras is tonic and astringent, and the seeds of several have laxative 
properties. The fruit of Chrysophyllum Cainito is the Star-apple. 
Anpther species of the genus snpolies the Surinam Medlar of Euro- 
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peans. Various species of Bassia yield oil. B. Parkii is said to be 
the source of the Shea butter, and hence the tree is called the Butter- 
tree of Park. B. butyracea , the Madhuca tree, gives a similar pro- 
duct, which is used as butter in Nipah The milky juice of some of 
the plants contains elastic matter. Isonandra Gutta is the source of 
Gutta Percha, a kind of caoutchouc, which softens at a moderate 
temperature, and is now extensively used for the soles of shoes, ropes, 
straps, casts, and various articles for domestic use. The kernels ot 
Lucuma mammosa contain prussic acid. 

938. Order 121. — Myi»innc«’ir, the Myrsine Family. ( Monopet .• 
ffypog.) Flowers hermaphrodite or occasional^ unisexual. Calyx 
4-5-cleft, persistent. Corolla monopetalous, hypogynous, 4-5-elefi;, 
equal. Stamens 4-5, inserted into the corolla, and opposite to its 
segments; filaments distinct, rarely united, sometimes 0, occasionally 
5 sterile petaloid alternating ones ; anthers sagittate, erect, bilocular, 
with longitudinal dehiscence. Ovary free or slightly adherent, unilo- 
cular ; ovules definite or indefinite, campyiotropal, immersed in a free 
central placenta; style single ; stigma simple or lobed. Fruit fleshy, 
1- or many-seeded. Seeds angular or roundish, with a concave hilum, 
and a membranous spermoderm ; albumen horny ; embryo usually 
curved, often heterotropal ; cotyledons short; radicle horizontal when 
the seed is solitary, inferior when there are several seeds. — Trees, 
shrubs, or undershrubs, with alternate or opposite, coriaceous, exsti- 
pulate leaves. They are much restricted as regards their geographical 
limits, and they are said to abound chiefly in islands with an equable 
temperature They are found in Africa, Asia, and Ameiica. Little 
is known regarding their properties. Theophrasta Jussicei is a prickly- 
leaved shrub, which is called Coco in St. Domingo. Its seeds are 
eatable, and a kind of bread is made from them. The berries of Myr- 
sine bifaria are said to possess cathartic properties. The Ardisias are 
prized for the beauty of their foliage. There are 31 known genera, 
and 325 species. Examples — Myrsine, Ardisia, Mrcsa, Jacquinia. 

939. Order 122. — .lasmiiiarf®, the Jasmine or Jessamine Family. 
{Monopet. Hypog.) Flowers $ . Calyx with 5-8 divisions or teeth, 
persistent. Corolla monopetalous, hypogynous, regular, salver-shaped, 
with 5-8 divisions ; aestivation twisted or valvate. Stamens 2, inserted 
on the corolla, included ; anthers bilocular, with longitudinal dehis- 
cence. Disk 0. Ovary free, 2 -celled ; ovules erect, anatropal, 1-4 in 
each cell ; style 1 ; stigma 2-lobed. Fruit a double berry, or a pyx- 
idium, or a 2-valved capsule. Seeds usually solitary, rarely in pairs, 
albuminous or exalbuminous ; embryo straight ; radicle inferior. — 
Shrubs often with twining stems, and opposite or alternate, pinnate leaves. 
They abound chiefly in the tropical parts of India. They have frequently 
flagrant flowers which yield oils, and their leaves and roots are some- 
times bitter. The essential oil of Jasmine is procured ft om Jasmmum 
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officinale , grandijlorum , odo?'atissimum , and Sambac. The bitter root 
of Jamxnum angustifolium , ground small and mixed with powdered 
Acoftis Calamus root, is considered in India as a valuable external appli- 
cation in cases of ringworm. In the East Indies the tube of the corolla 
of Nyctanthes Ai'bor-tristis is used as an orange dye There are 5 known 
genera, and 100 species. Examples — Jasmin urn, Nyctanthes, Bolivaria. 

940. Order 123. — oicncea, the Olive Family. {Monopet. Hypog.) 

(Fig. 254.) Flowers £ , sometimes $ $ . Calyx gamosepalous, 

divided, persistent. Corolla gamopetalous, hypogynous, 4-cleft, some- 
.times of 4 petals, which are connected in pairs by means of the fila- 
ments, sometimes 0, aestivation somewhat valvate. Stamens 2 (rarely 
4), alternate with the corolline segments; anthers dithecal, with longi- 
tudinal dehiscence. Disk 0. Ovary fiee, 2-celled ; ovules in pairs, 
collateral or pendulous; style 1 or 0; stigma entire or bifid. Fruit 
drupaceous, baccate or capsular, sometimes samaroid (fig. 437). Seeds 
often by abortion solitary; albumen dense, fleshy, abundant; em- 
bryo straight, about half the length of the albumen; cotyle- 
dons leafy; radicle superior. — Trees or shrubs, with opposite leaves 
(fig. 254), which are either simple or compound. Found chiefly in 
temperate regions. They occur in North America, Asia, Europe, and 
New Holland. There are two sections of the order: — 1. Olea?, with 
a drupaceous or berried fruit. 2. Fraxinea?, with a samaroid (winged) 
fruit. Lindley mentions 24 genera, including 130 species. Examples 
— Olea, Ligustrum, Fraxinus, Syringa. # 

941. The plants of the order are bitter, tonic, and astringent, and 
some yield fixed oil. Olea europcm is the Olive-tree, the m of the 
Bible, the footla of the Greeks. It grows naturally on the coast of 
the Mediterranean, and is cultivated in many parts of the south of 
Europe. There are several varieties of the plant, two of which have 
been long distinguished — the wild and cultivated. The former is an 
evergreen .shrub or low tree, with spiny branches and round twigs ; 
the latter is a taller tree, without spines, and with four-angled twigs. 
The fruit is a drupe, about the size and colour of a damson. Its fleshy 
pericarp yields by expression olive oil, of which the finest comes from 
Provence and Florence. It consists of two oleaginous principles — 
Margarin and Elain. Olive oil has nutrient, emollient, and laxative 
properties. It is used in forming ointments, liniments, and plasters. 
The bark of the Olive-tree has been used as a tonic ; and a resinous 
exudation from it, called Olivile, or Olive-gum, or Lecca-gum, is em- 
ployed in the same way. Spanish or Castile soap is made by mixing 
olive oil and soda, while soft soap is made by mixing the oil with 
potash. The flowers of Olea fragrans, the Lan-hoa of the. Chinese, 
are used to perfume teas. Several species of Ornvs , more particularly 
O* rotundifolia and O . europcea , yi.eld a sweet exudation called Manna, 
a substance completely different from the ^ (manna) of the Bible, on 
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which the Israelites fed. The Manna or Flowering Ash is a native 
of southern Europe, and grows abundantly in the south of Italy and in 
Sicily, whence the Manna of commerce is imported. The tree attains 
a height of 20 or 30 feet, and it has a fine appearance when its 
clusters of white flowers are produced. There is a very fine Manna- 
ash in the Edinburgh Botanic Garden., Manna is the concrete juice 
of the tree, which flows out after incisions or insect -punctures. It 
contains a peculiar sweet principle called Mannite. Manna is nutri- 
tive and laxative, and is sometimes administered to infants and young 
children, on account of the mildness of its action. Syringa vulgaris , 
common Lilac, lias a febrifuge bark, which is extensively employed by 
the peasants in Brenne, for the cure of the endemic intermittent fever. 
According to Meillet i his quality is owing to a principle which he calls 
Lilaeine. Fraxinus excchior , the common Ash, is one of the trees which 
comes late into leaf, and the leaves of which fall off early in autumn. 
Some specimens attain the height of 7b, 90, or 100 feet, with a cir- 
cumference of 20 or 30 feet. The wood of the tree is tough and elastic, 
and is used for oars, as well as by coachmakers, &c. The wood of its 
roots is beautifully veined. The pendulous variety, called •Weeping- 
ash, is often engrafted on the common Ash, so as to produce a better 
effect. The leaves of Ligustrum vulgare , common Privet (fig. 254), 
are astringent. L. lucidum yields a kind of waxy excretion, which is 
used in China for economical purposes. 

942. Order 124. — Asikpiadana 1 , the Asclepia9 Family. ( Monopet . 
Hypog.) (Figs. 353, (>13-051). Calyx 5-divided, persistent (fig. 
640 e.) Corolla synpetalous (monopetalous), hypogynous, regular, 
5-lobed (figs. 044, 045 p\ deciduous; activation imbricate, rarely 
valvate. Stamens 5, inserted into the base of the corolla, and alternate 
with its segments (fig. 010 e); filaments usually combined so as 
to form a tube ; staminal tube rarely naked behind, generally fur- 
nished with a corona (crown) of variously-formed leaves, which are 
either distinct or connate. Anthers bilocular, each cell sometimes 
spuriously divided ; pollen, when the anther dehisces, cohering in 
masses (pollinia), which are either as numerous as the cells, or are 
confluent in pairs, and adhere to the five stigmatic processes, either in 
sets of two or four, or singly (figs. 349, 353, 647). Ovaries 2 (fig. 
040 o ) ; ovules 00 ; styles 2, closely approaching each other (fig. 
046 s), often very shoit; stigma common to both styles, dilated, 
quinquangular ; the angles furnished with cartilaginous corpuscles 
which retain the pollinia, or with glands (figs. 645, 646 g). Fruit 
consisting of two follicles (sometimes only one by abortion) having 
a placenta on the ventral suture (fig. 019). Seeds 00, imbricate, 
pendulous, usually comosc (hairy) at the hilurn (fig. 650) ; albumen 
thin (fig. 651 p ) ; embryo straight; cotyledons leafy ; radicle superior 
(fig. 651 e). — Shrubs, or occasionally herbs, usually with milky juice* 
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and often twining. The leaves are usually opposite, sometimes 
alternate or verticillate, with interpetiolary cilia in place of stipules. 


645 
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The gynostegium pistil, and a -tty a, I cover), staminal crown 

Figs. 643-651.— Organs of fructification of Asclcpias nivea, to illustrate the natural order 
Asclcpiadacem. 

Fig. 643. -Diagram of the flower, with the divisions of the calyx, five segments of the corolla, 
five stamens, and two ova lies. 

Fig 644.— The entile flower p, Corolla, with five lobes a, Appendages forming the staminal 
crown (corona) 

Fig 645 — The flower viewed fiom above, p p, Garnopetalous corolla with its five lobes. 
a a , Appendages forming the corona or ciowfi g g , Glandulai bodies attached to the stigma, 
and hearing the pollen-masses (pollnna). 

. Fig 646.— The flower cut veitieally c, Catyx p, Coiolla. a or, Coronal appendages, e, Sta- 
mens o , Ovary s , Styles winch are united at the upper pait by means ot the large stigma, 
at the base of winch, towards the points, p p, the pollen tube' 5 entci 

Fig 647. — Two pollen-masses, in, attached by two prolongations, q, in the form of a caudlcle 
or tail, to another body, g, loimed by the union ot two stigmaue glands, p , Pollen-grains with 
tubes beginning to escape from the masses 

Fig. 648.— One of the pollen-grains, with its tube separated and highly magnified. 

Fig. 649.— Fruit at the period of dehiscence. / /, Two lolhclcs. p. Placenta, which is de- 
tached. ^ Comose seeds. 

Fig. wO.— One of the comose seeds separated, a, The hairy appendage at the hilum. 

Fig. 661.— Seed separated fi orn the hairs and cut vertically t e , External integument 1 1 , In- 
ternal integument. i>, Peiisporm or thin albumen, e , Embryo, with leafy cotyledons and 
superior radicle. 
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or peculiar-hooded (cucullate) appendages, prolonged from the tube 
of the filaments, which occur in many of the plants of this order, 
give a peculiar aspect to their flower (see fig. 353). They inhabit 
chiefly warm and tropical regions, but many species extend to 
northern climates. Many succulent species are found in the south of 
Africa. In tropical India and New Holland, and in all the equi- 
noctial parts of America, they also abound. Lindley enumerates 
141 genera, including 910 species. Examples — Periploca, Asclepias, 
Calotropis, Cynanchum, Gonolobus, Stapeha, Iloya, Dischidia. 

SU3. The plants of the order have acrid, purgative, emetic, and 
diaphoretic properties. The milky juflbe is usually bitter and acrid, 
but occasionally it is bland, and is used as milk, as in the case of 
Gymnema lactiferum, the Cow-plant of Cey Ion. Asclepms tvherosa , the 
Butterlly-weed, or Pleurisy-root, is used as a cathartic and diaphoretic 
in North America. The emetic propel ties of Asclepias curassavica 
have secured for it the name of Wild Ipecacuanha, in the West Indies. 
The leaves of Solenostemma (Cynanchum) A r yd, are used to adulterate 
Alexandrian Senna. The fragrant roots ot Ilemidesmus indicus are 
used in Madras as a substitute for Sarsapanlla, under the name of 
Country Sarza. The baik of the root of several species of Calotropis , 
such as C. ptocera , Ilamdionii, and ytymilea, furnish the substance 
called Mudar, which is used as a diaphoretic in India. It contains a 
principle called Mudarinc, which gelatinizes on being heated, and 
becomes fluid on cooling. Cynanchum monspcltacum furnishes 
Montpellier Scammony, and Penploca mauriiiana is the source of 
Bourbon Scammony. Both of these substances act as purgatives, and 
are used to adulterate true Scammony. Marsdenia tinctorip and 
Cymnema tingens are said to yield a dye similar to indigo. The milky 
juice of many of the plants contains caoutchouc in its composition. Iloya 
carnosa receives the name of wax-flower from the peculiar aspect of 
its blossoms. Dischidia Rajjlesiana , an Indian climber, has remarkable 
ascidia (^[ 1G4). The Stapelias are singular plants, resembling some 
of the Cactuses and Euphorbias. Theii blossoms are often very fetid, 
and hence they are called Carrion flowers. Some of the species of Ascle- 
pias receive the name of Wild Cotton, on account of the hairs attached 
to their seeds. Gomphocarpus fruticosus is the silk-plant of Madeira. 

944. Order 125. — Apocjnacesr, the Dogbane Family. ( Monop* t . 
Hypoy.) Calyx usually 5- partite, persistent. Corolla hypogynous, 
gamopetalous, regular, usually 5-lobed, deciduous ; aestivation con- 
torted, twisting in some cases to the right, in others to the left. Sta- 
mens 5, inserted on the corolla, alternate with its segments; filaments 
distinct; anthers 2-celled, dehiscing longitudinally; pollen granular, 
globose, or 3-lobed, immediately applied to the ftigma. Ovaries 2, 
and each unilocular, or one, and bilocular; ovules 00; styles 2 or 1 ; 
stigma 1, with a contraction in the middle. Fruit follicular or capsu- 
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lar, or drupaceous or baccate, double or single. Seeds 00, rarely 
definite, usually pendulous ; albumen cartilaginous or fleshy, rarely 0 ; 
embryo foliaceous ; radicle turned towards the hilum. — Trees or shrubs, 
usually lactescent, with entire, generally opposite, exstipulate leaves, 
with interpetiolary cilia or glands. They are chiefly found in tropical 
regions. They appear to be most abundant in the hot parts of Asia, 
are less common in the tropics of America, and still less abundant in 
Africa. Lindley enumerates 100 genera, including 5 GO species. Ex- 
amples — Apocynum, Echites, Nerium, Balfouria, Vinca, Tanghinia, 
Plumieria, Carissa. 

945. Many of the plants ol 1 this order are poisonous. Some are 
used medicinally, as cathartics, and there are a few which yield edible 
fruits. The order is in general to be regarded with suspicion. One 
of the most deadly plants of the order is Tanghinia venenata (Cerhera 
Tanghin), the seeds of which supply the famous Tanghin poison, used 
formerly in Madagascar as an ordeal in cases of criminals. Nerium 
Oleander , the common Oleander, is poisonous. The stomata of its 
leaves are formed by means of cellular hair-like processes (fig. 76), 
and the anthers are terminated by feathery appendages (fig. 334). 
Death has ensued from eating the floweis of this plant. Its branches, 
when divested of their bark and used as skewers, rendered meat 
roasted on them poisonous. The meat proved fatal to seven out 
of twelve of those who partook of it. The roots of Apocynum 
cannahinum and androsce mi folium are said to be emetic. The 
Vincas , Periwinkles, arc astringent and act id. AUamanda cathartica , 
a native of Ceylon and Java, is emetic and cathartic. Although the 
milky juice is generally acrid, still in some instances it is bland. 
Thus, the juice of Taberncemontaua utilis , Hya-hya, the Cow-tree or 
Milk-tree of Demerara, is used as milk. Many of the plants, 
such as Urceola clastica and Vahea gmnmfera , supply caoutchouc. 
Wrightia tinctoria yields a dye like indigo. Aspidosperma excelsum 
is a Guiana tree, remarkable for the sinuous arrangement of its wood, 
which gives the stem a deeply-fluted appearance. 

946. Order 126. — i^oganiacras the Logania Family ( Monopet . 
Hypog .) Calyx 4-5-partite (fig. 287 c) ; aestivation valvate or imbri- 
cate. Corolla hypogynous, regular or irregular, 4-5- or 10-divided 
(fig. 287 t l ) ; aestivation convolute or valvate. Stamens inserted on 
the corolla, 5 or 1 , not always corresponding with the divisions of the 
corolla ; pollen elliptical or triangular, simple, or marked with three 
bands. Ovary free, usually 2-celled ; ovules 00 or solitary, peltate 
and amphitropal, or ascending and anatropal. Fruit a 2-celled cap- 
sule, with placentas finally becoming loose; or a nuculanium with 
1 or 2-seeded nucules ; or baccate, with seeds immersed in a pulp, 
oeeds usually peltate, sometimes wdnged ; albumen fleshy or cartila- 
S'mous*, embryo small; radicle turned towards the hilum, or parallel 
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with it. — Shrubs, herbs, or trees, with opposite entire leaves, and 
usually with stipules, which adhere to the footstalks, or form inter- 
petiolary sheaths. They inhabit chiefly tropical and warm climates. 
The order is divided into three suborders: — 1. Loganiefe, aestivation 
of corolla convolute, fruit a bilocular capsule or nuculauium, seeds 
peltate, sometimes winged. 2. S try ch neap. aestivation of corolla val- 
vate, fruit a 2-3-celled berry or capsule, seeds peltate, embryo rather 
large. 3. Spigeliese, aestivation of corolla valvate, fruit a didymous 
capsule, seeds apterous, embryo small, cotyledons inconspicuous. 
There are about 24 known genera, and nearly 170 species. Examples 
— Logania, Potalia, Stryfchnos, Spigdia. 

947. The plants of this order are highly poisonous. They act 
energetically on the spinal marrow, causing tetanic spasms, or they 
produce narcotic symptoms by acting on the brain. Many are very 
bitter and a few are tonic. St) y cl in os Nux-Vomica , the Poison-nut or 
Koochla, a tree which abounds on the Malabar and Coromandel coasts, 
supplies the substance called Nux-Vomica. It yields fruit of the size 
and appearance of an orange, with acoiiaceous reddish integument, 
enclosing a mucilaginous pulp. The seeds, which are embedded in 
the pulp, are the oflicinal part of the plant. They are ciicular and 
Hat, umbilicated on one suiface, and aic thickly covered with brown 
silky hairs. All parts of the plant, especially the seeds and bark, are 
intensely bitter. The seeds contain two alkaloids, Strychnia and 
Brucia, to which they owe their poisonons properties. These alkaloids 
occur in combination with Igasuric or Strychnic acid. Nux-Vomica 
and Strychnia, in poisonous doses, cause death by producing tetanic 
spasms in the muscles of respiration. The bark of the Nux-Vomica 
tree is the false Angustura bark, and the wood is often called Snake- 
wood. Strychnia exists in other species of ktrychnos , as S. Jgnatia 
( Ignatia amara ), St. Ignatius’s Bean, S. colubiina, and S ligustnna , 
Snake-wood, S. Tieute, the source of a Java poison called Upas 
Tieute. It is also said to exist in the Woorali or Ourari poison of Guiana, 
which some consider to be the produce of S. toxicaria or gutanensis. 
The effects of this last mentioned poison, however, do not seem to 
agree with those of Strychnia. Strychnia stimulates the spinal cord 
without affecting the function of the brain. It causes convulsive 
twitches of the muscles of the arms and legs, and hence it has been 
recommended in cases of chronic palsy, unconnected with any signs 
of local irritation or determination of blood to the head. Its adminis- 
tration requires great caution, as | of a grain have been known to 
produce alarming lock-jaw, and ^ of a giain has killed a dog. Some 
species of Stiychuos seem not to possess a poisonous principle in large 
quantity, for they are used as tonics and febrifuges. Among them 
maybe noticed Stnjchnos potatorum and pseudoquina. The former js 
called Clearing-nut, and is used in India for purifying water. The 
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root of Spigelia marilandica , Carolina Pink-root (fig. 287), is used as 
an anthelmintic, more particularly in the United States. S. Anthelmia , 
Guiana Pink-root, is employed in Demerara for a similar purpose. 
These plants also possess narcotic qualities. 

948 . Order 127. — Gentiaimcew, the Gentian Family. ( Monopet . 
Ifypog.) (See fig. 248.) Calyx gamosepalous, usually in 5 divisions, 
sometimes 4-6 8 or 10 divisions, persistent. Corolla gamopetalous, 
hypogynous, usually regular and marcescent ; limb sometimes fringed, 
divided into as many lobes as the calyx; aestivation plaited or imbri- 
cate-twisted. Stamens inserted upon the corolla, alternate with its 
segments, and equal, to them in 'number, some of them occasionally 
abortive. Ovary composed of 2 carpels, unilocular or partially bilo- 
cular (fig. 389); ovules 00, anatropal ; style 1, continuous; stigmas 
1 or 2. Fiuit capsular or baccate, 1 -celled (fig. 389), usually bival- 
vular, with septicidal, orraiely loculicidal dehiscence. Seeds 00, small, 
embryo straight, minute, in the axis of soft fleshy albumen ; radicle 
next the hilurn — Herbs, seldom shrubs, with opposite (fig. 248), rarely 
alternate, entire or divided, exstipulatc leaves, which are often 3-5- 
ribbed. The plants of the order are distributed generally over the 
globe, inhabiting botli cold and warm regions. They are rare in the 
arctic and antarctic islands. They exhibit great varieties of colours, 
and many are prized for their beauty. Ihere are two suborders: — 
1. Gentianeae, aestivation of corolla inibricate-twisted, leaves opposite, 
simple, and entire. 2. Menyantheae, activation of corolla plaited 
or induplicate, leaves usually alternate and compound, or divided. 
Lindley mentions 60 genera, including 450 species. Examples — 
Gentiana, Chironia, Agatlmtes, Erythrsea, Chloia, Menyanthes, Vil- 
larsia. 

949. The general property of the plants of this order is bitterness, 
which pervades all their organs. lienee they are used as tonics. 
The medicinal gentian is the root of Gentiana lutea , a plant which 
grows abundantly on the Pyrenees, and on the Alps of Switzerland 
and Austria, usually at an elevation of 3000 to 5000 feet. It produces 
showy yellow flowers, and its root is yellow internally. It is adminis- 
tered in the form of extract, infusion, tincture, and wine, as a tonic. 
Its roots are often mixed with the roots of other species, such as Gen- 
tiana punctata , pwpurea , and pannonica. Gentiana Kurroo of the 
Himalayas has similar properties. The British species, Gentiana cam - 
pestins and Amarel/a , have also been used as bitter tonics. The 
officinal Chiretta is the herb and root of Agalhotes Chirayta {Ophelia 
Chirata ), a herbaceous plant found in the Himalayas. The whole 
plant is bitter, and has been long used in Bengal as a tonic and 
stomachic. The flowering cymes of Erythrcea Centaurium , common 
Centaury (fig. 248), are used as a substitute for gentian, and so are the 
leaves of Menyanthes trifoliata, Buck- bean, Marsh-trefoil, or Bog- 
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bean. The roots of Frasera Wokeri sometimes receive the name of 
American Calumba. 

950. Order 128— Bi|fnonincc8P, the Trumpet-Flower Family. ( Mono- 
pet . Ht/pog.) Calyx divided or entire, sometimes spathaceous. Co- 
rolla monopetalous, hypogynous, usually irregular, 4-5-lobed. Stamens 
5 and unequal, or 4 and didynamous, some of them occasionally 
sterile ; anthers bilocular. Disk annular or glandular. Ovary superior, 

1- 2-celled, each cell being often spuriously divided ; ovules indefinite; 
style 1 ; stigma bilamellar (fig. 4()f>), or 2-4-cleffc or entire. Fruit a 

2- celled (sometimes spuriously 4-celled) and 2-valved capsule, occa- 
sionally succulent. Placentas parietal, sometimes extending to the 
centre, and forming a spurious dissepiment, which finally separates, 
bearing the seeds. Seeds winged or wingless, often flat and com- 
pressed, exalbuminous ; embryo straight; radicle next the hilum. — 
Trees, shrubs, or heibs, with opposite, rarely alternate, exstipulate 
leaves. They abound generally in tropical regions, but some of them 
are widely distributed. The order has been divided into four sub- 
orders: — 1. Bignomea?, capsule 2-valved, 2-cclled, sometimes spuri- 
ously 4-celled, with a dissepiment parallel or contrary to the valves, 
at length free, bearing the seeds, which are transverse, compressed, 
and winged. 2. Cyrtandreai (Didymocarpem), fruit succulent or capsu- 
lar, or siliquosc and 2-valved, seeds small, ovate, or cylindrical, sus- 
pended, apterous, sometimes comose. 3. Crescentic®, fi nit woody, and 
melon-shaped, enclosing large seeds, which are immersed in the pulp of 
the placentas. 4. Pedaliene, fruit drupaceous, rarely capsular and 
2-valved, spuriously many-celled ; seeds few, large and apterous, pendu- 
lous, erect or transverse. These are reckoned separate orders by many. 
There are upwards of 100 known genera, and about 650 species. 
Examples — Bignonia, Spathodca, Eccremocarpus, Cyrtandra, Didymo- 
carpus, Crescentia, Pedalium, Sesamnm. 

951. There are many showy plants in this order. Their flowers are 
frequently large and trumpet-shaped. None of them are noted for 
marked medicinal properties. Some are timber trees, others furnish 
dyes and articles of diet, while a few have bitter and astringent 
qualities. The species of Bignonia arc conspicuous objects in tropicrl 
forests. Their wood sometimes exhibits a crucial arrangement (fig. 
107.) From Bignonia Chica the Indians extract a red ochreous colour- 
ing matter, with which they paint their bodies. Crescentia Cnjete , 
the Calabash-tree, is found in the tropical regions of America, and pro- 
duces a large melon-like fruit, containing a slightly acid pulp, which is 
sometimes eaten. Its pericarp is hard, and after removal of the pulp 
it is used as cups and bottles. Teel seeds, the produce of Sesamum 
orientate , supply a bland oil. called by the Arabs Siritch. It is used 
under the name of gingilee oil to adulterate oil of almonds. The fruit 
of the species of Uncaria and Martgnia , the Unicorn -plant, is furnished 
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with hooked processes. Id the perfect fruit of Pretrea (Martynia) 
Zanguebmica, there are 6 cells formed by tjje mode in which the pla- 
centas unite, and of these cells two are seedless. 

952. Order 129. — Poiemoniftc< a*, the Phlox Family. ( Monopet . 
Hypog .) Calyx inferior, in 5 divisions, persistent, sometimes irregular. 
Corolla regular, rarely irregular, 5-lobed. Stamens 5, inserted on 
the middle of the tube of the corolla, and alternate with its segments; 
pollen often blue. Disk lobed. Ovary free, 3-celled*; ovules anatropal 
or ampliitropal ; style simple ; stigma trifid. Fruit a 3-celled, 3-valved 
capsule, with septifragal dehiscence. Seeds angular or oval, or winged, 
often enveloped in mucus, containing spiral threads, ascending, in a 
single or a double row ; embryo straight, in the axis of a fleshy or horny 
albumen ; cotyledons foliaceous, elliptical or cordate ; radicle inferior, 
next the hilum. — Herbaceous or climbing plants, with opposite or al- 
ternate, simple or compound leaves. They inhabit temperate coun- 
tries chiefly, and they abound in the north- western part of America. 
There are 17 genera enumerated by Lindley, including 104 species. 
Examples — Polemotmun, Phlox, Cobosa (fig. 318), Collomia, Gillia, 
Leptosiphon, Cantua. 

953. Many of the plants of this order have showy flowers, and are 
commonly cultivated in flower -borders. Connected with the episperm 
of various species of Collomia are numerous spiral cells, and when the 
seeds are moistened with water, the mucus sui rounding the cells is dis- 
solved, so that the spiral fibres are uncoiled. The movements of these 
fibres, when uncoiling, are beautifully seen under the microscope. 
Tiie fibres carry with them a raucous envelope which has the appear- 
ance of a membrane. Folemonium cceruleum y Greek V alerian, or Jacob’s 
ladder, is bitter. In Siberia, poultices are prepared from its leaves 
Ihe Russians fancy that a decoction of it is useful in hydrophobia. 

954. Order 130. — Hydropic lincrw, the Hydrophyllum Family. 

( Monopet Hypog.) Calyx 5 -parted, persistent. Corolla monopetalous, 
hypogynous, regular, 5-cleft; activation plicate or imbricate. Stamens 
5, inserted upon the corolla, and alternate with its segments ; filaments 
sometimes petaloid ; anthers deeply-lobed at the base, often versatile, 
2-celled, dehiscing longitudinally or transversely. Disk annular or 0. 
Ovary Free, 1-2-3-celled ; ovules definite or indefinite ; style 1 or 2 ; 
stigmas usually 2. Fruit capsular, 2-valved, 1-2-celled, with a parie- 
tal, or a large central placenta. Seeds with a brittle or reticulated 
testa; embryo in the midst of fleshy or cartilaginous albumen; radicle 
next the hilum. Trees, shrubs, or herbs, with opposite, or alternate, 
exstipulate, often lobed leaves. r lhey occur both in the northern and 
southern parts of America chiefly. They have no properties of im- 
portance. Many have showy llowers, and some have glandular or 
stinging hairs. The order has been divided into two suborders : — 
1. Hydrophyllese, including Hydrolem of authors, with the anthers 
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dehiscing longitudinally, disk present, ovary 1-2-celled, styles 2. 
2. Diapensiese, with anthers dehiscing transversely, disk 0, ovary 
3-celled, style single. "There are 18 known genera, and 77 species. 
Examples — Hydrophyllum, Hydrolea, Neraophila, Phacelia, Dia- 
pensia. 

955. — Order 131. — Convoivuiacea!, the Convolvulus of Bindweed 
Family. ( Monopet Hypog .) Calyx in five divisions, persistent, im- 
bricated, often bracteated (figs. 652-054). Corolla monopetalous, 
hypogynous, deciduous, regular; limb 5-lobed, with a plaited or im- 
bricated aestivation (fig, 653/?); tube sometimes with scales, alternate 



with the lobes of the limb. Stamens 5, inserted in the base of the. 
corolla, and alternate with its lobes (fig. 654 e). Disk annular, 


natmal order* Con voh'u 1 a lKtlflCatimi of Convolvulus (Calystegia) scpium, to illustrate the 

of T 0 flowcr - showing two bracts, five unequal divisions of the imbricated 
quad ifiocularova'i y tlC ltutc corolll b five stamens alternating with the corollnie lobes, and a 

FlJ* r2'~v 0 T er b ' LfUpe bracts * c. Calyx p. Corolla. 

tical sect! [on of the lower pait ot the flower b , Biacts. c, Calyx, p , Tube of 
coi olla bearing the lilainents of the stamens, <?. o, Ovary, s Style. 

J ig 055. -Summit of the style aud stigmas. 

r ig 656 — 1'i uit,/ surrounded by the calyx, c, and the bracts, b , which arc persistent, 
rig. 6 x.— Seed. Jt, Ililum. ’ * 

^a~r C0 ^ <m of the lowing the corrugated cotyledon®, 
rig. 659.— Lmbiyo scpaiated. 
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hypogynous. Ovary free, 2-4- celled, rarely by abortion 1 -celled ; 
ovules definite, erect, when more than one, collateral; style 1 (fig. 
654 $), usually bifid, rarely 2 ; stigmas obtuse or acute (fig. 655). 
Fruit succulent or capsular (fig. 65G), 1-4-celled, with septifragal and. 
septicidal, or circumscissile dehiscence. Seeds albuminous; embryo 
curved or Spiral (figs. 659, 502); cotyledons corrugated (fig. 658) or 
inconspicuous; radicle inferior. — Herbs or shrubs, usually twining, 
sometimes parasitical, often with a milky juice, and with alternate, 
undivided or lobed, exstipulate leaves, rarely leafless. They occur 
chiefly in tropical and temperate regions. A few only are found in 
cold climates. The order has been divided into two suborders: — 1. 
Convolvuleae, true Bindweeds, leafy plants, with the corolline tube 
not scaly, embryo curved, cotyledons conspicuous. 2. Cuscutem, Dod- 
ders, leafless parasites, having scales on the corolline tube, embryo 
spiral, and filiform (fig. 502), cotyledons inconspicuous. There are 45 
genera, and upwards of 700 species. Examples — Convolvulus, Ipo- 
mooa, Exogonium, Dichondra, Cuscuta. 

950. The order is characterized generally by the presence of an 
acrid juice in the roots, which has purgative properties. On this 
account several of the plants are used medicinally. The old genus Con- 
volvulus has been split into various genera; such as Ipomcea , Exogonium , 
PharbitiSy Batatas , QumnocUt, Calonyctlon , and Lepistemon , according 
to the form of the corolla, the exsertion or inclusion of the stamens, 
the form and nature of the stigma, and the structure of the ovary. 
Exogonium Purga ( Ipnmcva Purga , or Convolvulus Jalapa) is the 
Jalap plant, a native of Mexico, which grows well in this country, re- 
quiring only the protection c-f a frame during winter. The plant has 
flowered regularly for many years in a cold frame in the Edinburgh 
Botanical Garden. The root-stock is the ollicinal part. It has a 
roundish^uberous form, is black externally, white and milky within, 
and varies in size from that of a w r alnut to that of a moderate-sized 
turnip. It contains a resin, in which its active properties reside. It 
is used in the form of powder and tincture, as an active irritant 
cathartic. The root of Convolvulus Scam?nonia yields a gummy 
resinous exudation, which constitutes medicinal Scammony. The plant 
«grows abundantly in Greece, the Grecian Islands, and various parts 
of the Levant, The plant succeeds w T ell in a cold frame in the 
Edinburgh Botanic Garden. The Jalap and Scammony plants 
flower freely in the open border in the garden. Scammony is 
procured by cutting the root across, and collecting the milky 
juice which soon concretes. The drug is imported into this 
country from Smyrna. Its active principle is a resin. It is used 
medicinally as a drastic purgative, in the form of pow r der, pill, and 
extract. A spurious kind of Scammony has been prepared from 
thfl^toot of Convolvulus ( Calystcgia ) sepium ; and several plants 
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belonging to the natural order Asclepiadaceoe yield a purgative exuda- 
tion, which has been used under the names of Montpellier and Bourbon 
Scammony (If 124). The roots of some of the plants do not possess 
purgative qualities, and have been used as articles of food. Batatas 
edulis (Convolvulus Batatas) yields the sweet Potato, which contains 
much saccharine and amylaceous matter, and is used as food in 
tropical countries. The plant is reared in Carolina, Japan, and China, 
and succeeds within an annual Isotherm of 59° F. It is cultivated also 
in Spain and Portugal. In the Philippine Islands the Batatas or Camo-, 
•tas, as they are called, are used for making soup, as well as roasted. 
The species of Cuscuta , Dodder, or scald-weed, have acrid purgative 
properties. Their seeds germinate in the soil, and the plants after- 
wards twine round others, and become attached to them by means of 
suckers. They then lose their connection with the soil, and are sup- 
ported as true parasites. In this way they often destroy crops of 
Flax and Clover, Beans and Hops Calom/ctiou speciosum is a night- 
flowering plant, with large white blossoms, and has received the name 
of Moon-plant. Convolvulus scoparius yields a perfume called Rhodium. 
Ipomosa bona-nox is the mooo-ilower of Ceylon and of other warm 
countries. 

957. Order 132. — Cordiaceoe, the Cordia Fa*mily, ( Monopet . Hy - 
p>og.) Calyx 4- 5-toothed, inferior. Corolla monopetalous, 4 -5-cleft, 
regular. Stamens inserted on the corolla, alternate with its segments ; 
anthers versatile. Ovary free, 4-8-celled ; ovules solitary, pendulous, 
anatropal ; style continuous ; stigma 4-8-cleft. Fruit drupaceous, 
4-8-celled. Seed exalbmninous, pendulous from the apex of the cell 
by a long funiculus, upon which it is turned back ; radicle superior ; 
cotyledons plaited longitudinally. — Trees, with alternate, rough, ex- 
stipulate leaves, and panicled llowers. They are chiefly natives of 
warm countries. Some yield edible fruits ; their bark is occasionally 
bitter, tonic, and astringent, and their wood is used for various econo- 
mical purposes. The succulent, mucilaginous fruits of Cordia Myxa 
and latifolia , receive the name of Sebesten Plums. There are 1 1 
genera enumerated by Bindley, including 180 species. Examples — 
Cordia, Varronia. 

958. Order 133. — Born^iimcesp, the Borage Family. (Monopet. Hy- 
pog.) Calyx persistent, with 4-5-divisions (figs. 060, 661 c). Corolla 
gamopetalous, hypogynous, usually regular (figs. 296, 297), 5- rarely 
4-cleft; aestivation imbricated (figs. 660, 661 pp). Stamens inserted 
on the corolla, equal in number to its segments, and alternate with 
them (fig. 661 e). Ovary usually 4-lobed, quadrilocular (fig. 661 o) ; 
ovules 4, each attached to the lowest point of the cavity, amphitropal ; 
style simple, basilar (figs. 403, 661 s), (terminal in Ehretie© and Helio- 
tropiese) ; stigma simple or bifid. Fruit (fig. 662) consisting of 2 to 4 
distinct achaenia (succulent and consolidated in Ehretieae). Seed 

v 



482 


BORAGINACEjE. 


exalbuminous, or with thin albumen ; radicle superior ; cotyledons 
plano-convex (fig. 6G2). — Herbs, shrubs, or trees, with terete stems, 



alternate, rough, exstipulate leaves, and flowers generally in scorpioidal 
(gyrate) cymes (fig. 253). On account of the asperities in the leaves, 
the plants have sometimes been called Asperifoliue. The order is divided 
into three suborders: — 1. Boraginece (figs. 6G0-GG2), with a basilar 
style, 4-lobed ovary, acbaenium-like fruit, and exalbuminous seeds ; 
natives chiefly of temperate climates. 2. Ehreticge, with a terminal 
style, a qnadrilocular, concrete ovary, a succulent fruit, and usually 
albuminous seeds; natives of tropical countries. 3. Heliotropieae, w T ith 
a terminal style, an entire or 2-lobed ovary, a dry fruit separable 
into four aehamia, and exalbuminous seeds; natives partly of temperate, 
and partly of warm climates. There are 67 known genera, and nearly 
900 species. Examples — Borago, Anchusa, Echium, Myosotis, Cyno- 
glossum, Ebretia, Iieliotropium. 

959. The plants of the order are generally mucilaginous and emol- 
lient. Some are astringent. Nitrate of potash exists in some, and 
imparts coolness to the water in which they are steeped. Borago ojji- 
cinaliSj Borage, has been used for its mucilaginous emollient properties, 
as a remedy in pectoral affections ; and with wine, water, lemon, and 
sugar, its leaves form an ingredient in what is called cool-tankard. At- 
tached to the stamens in this plant, and others of the order, are scales, 
which may be considered as abortive stamens, formed by dilamination 

Figs. GG0-G62 —Organs of fructification of Anchusa italica, to illustrate the natural order 
Bor agin. ice*. 

Fig. 060.— Diagram of the flower, with five imbricated divisions of the calyx, five imbricated 
segments of the corolla, five stamens, and a -l-lobed ovary. 

Fig. 661.— Vertical section of the flower, c. Hairy calyx, p p, Corolla, e, Stamens inserted 
into the corolla, a a, Staminal appendages or coiollme scales, o , 4-lobed ovary, two of its 
dh isions cut through vertically, s, Basilar stylo. 

Fig. 662 —One of the carpels (acheema) cut vertically t>, Pericarp separable from the seed. 
t, Spermoderm or integuments of the seed. e % Embryo with supeiior radicle, and plano-convex 
cotyledons. 
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(fig. 312). Anclmsa tinctoria supplies alkanet root, which is used as a 
reddish-brown dye. Some of the species of Heliotroplum (as H. peru - 
vianum ) are distinguished by their fragrant odour. The leaves of 
Mertensia ( TAthospeimum) maritima have the taste of oysters, and 
hence it is called the Oyster-plant in Scotland. Myosotis palustris 
(fi^. 279) is the true Forget-me-not. Miss Strickland remarks, that 
the banished and aspiring Henry of Lancaster appears to have been the 
person who gave to this plant its emblematical and poetical meaning, 
by uniting it in his exile with the initial letter of his watchword, 4 Sou- 
TOgne-voiis-de-moy.’ 

960. Order 134. — Soianacece, the Nightshade Family. (Monopet. 
Hypog.) Calyx inferior, 3- rarely 4-partitc, persistent (fig. 664 c). 
Corolla monopetalous, hypogynous, with the limb 5- rarely 4-cleft, 
regular, or somewhat unecpial, deciduous ; aestivation plicate or imbri- 
cated (fig. 663). Stamens inserted on the corolla (fig. 664 e), equal 
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in number to the corolline segments, and alternate with them (fig. 663) ; 
anthers with longitudinal or porous dehiscence (fig. 664 e). Ovary 
usually 2-celled (fig. 664 o), sometimes 4-5- or many celled ; ovules 
indefinite ; style continuous; stigma simple (fig. 664 s). Fruit with 2, 
4 , or more cells, rarely unilocular ; either a capsule dehiscing in a 

Figs 6G3-GG8 — Organs of fructification of Solatium tuberosum, the Fotato, to illustrate the 
natural order Solanucete ' 

Fiff 663 — Diagram of the flower, with five divisions of the calyx, five plicate segments of the 
CO f? a %^. ve Ramons, and a 2-celled ovary with poly sperm ous placentas, a , Axis 
rig 664. — Vertical section of the flower c. Calyx p p , Lower part of the corolla, f, Stamens, 
with porous dehiscence of the anthers, o, Bilocular ovarv, polyspemious. $, Stvle and stigma. 
Fig 065.— Fruit, baccate “ 

—Horizontal section of the fruit, showing the seeds and placenta, 
ng. 667. -Tho seed. 

Fig. 668.— Vertical section of the seed, t, Integument (spermodermi of the seed, p, Fleshy 
Jfcrisperm (albumen), e, Embryo, which is curved and eccentric, with the radicle next the 
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septicidal or circumscissile manner, # and having a double dissepiment, 
parallel to the valves, or a berry (figs. 6G5, 666) with the placentas 
adhering to the dissepiment, or a nuculanium with 5 or more nucules. 
Seeds 00 ; embryo straight or curved (fig. 668), often excentric, lying 
in fleshy albumen ; radicle next the hiium. — Herbs or shrubs, with al- 
ternate leaves. Natives of most parts of the world, but abundant in 
the tropics, in which the mass of the order exists, in the form of the 
genera Solanum and Physalis. The order has been divided into two 
sections, which are not, however, well defined : — 1. Rectembryse, with 
the embryo nearly straight. 2. Curvembrya^, with the embryo curvdl 
in a semicircular, annular, or spiral manner. These are subdivided 
into tribes, chiefiy according to the nature of the fruit. There are 66 
known genera, and 935 species enumerated ; but there is considerable 
difficulty in the allocation of the genera. Examples — Oestrum, llabro- 
thamnus, Nicotiaua, Petunia, Datura, Ilyoscyamus, Solanum, Physalis, 
Nolan a. 

961. The plants of this order have in general narcotic qualities. 
These are sometimes developed in a great degree, so as to render 
the plants very poisonous ; at other times they are obscured by the 
prevalence of nutritious and starchy matter. In many instances, 
certain parts of the plant have poisonous narcotic properties, while 
other parts are harmless, and are used as articles of diet. These facts 
wall be illustrated by a consideration of different geD era and species. 
Solanum Dulcamara , Bitter-sweet or woody Nightshade, lias diapho- 
retic properties. A decoction of the twigs is used in various cutaneous 
diseases. The scarlet berries are not poisonous ; five pounds weight 
given in the course of ten days did not produce poisonous effects. 
The black berries of Solanum nigrum are used by the garrison in the 
Island of Ascension to make pies. Solanum tuberosum , the Potato 
(fig. 92), produces nutritious starchy tubers. Solanum Melongena 
yields the Aubergine or Brinjal, an edible fruit. S* laciniatum , 
the Kangaroo apple, is eaten in Tasmania. In the genus Sola- 
num the antheis open by pores. Atropa Belladonna , Deadly 
Nightshade or Dwale, is a highly poisonous plant belonging to 
this order. All parts of the plant are narcotic. The fruit is 
a dark brownish -hlack shining berry, which often proves attractive 
to children. The leaves are the part used in medicine, and from 
these an extract is prepared The watery extract is best made in 
vacuo, but the alcoholic extract is probably the best. Belladonna is 
one of our most active indigenous poisons. It owes its properties to 
the presence of an alkaloid called Atropia, which exists in the plant in 
combination with malic acid. Belladonna is used medicinally to allay 
pain and spasmodic action, to cause dilatation of the pupil, and as a 
prophylactic against scarlatina. Similar properties exist in the species 
of Hyoscyamus, more especially in H. niger , Henbane, a biennial plant, 



SOLANACE23. 


485 


with dingy-yellow flowers, exhibiting beautiful purple reticulations, 
hairy viscous leaves, and a bilocular operculate capsule (fig. 459). 
The leaves yield by expression a large quantity of juice, whence an 
extract is prepared. A tincture of Henbane is often used in place of 
laudanum, on account of not causing constipation. It is employed in 
medicine to procure sleep and allay pain, and it acts also in dilating 
the pupil. The narcotic properties seem to be owing to an easily 
decomposed alkaloid called Iiyoscyamia. An empyreumatic oil is 
obtained from the plant, which is an energetic narcotic poison. The 
roots of the plant have sometimes caused poisoning by being mistaken 
for parsnips. Many species of Datura are powerfully narcotic. D. 
Stramonium is the Thorn-apple, so called on account ot its prickly 
capsule. Its leaves and seeds are used medicinally as narcotics, their 
qualities being due to an alkaloid called Daturia. They are prescribed 
as anodynes and antispasmodics, in the form of powder, extract, and 
tincture, and the leaves are smoked in cases of asthma. Datura 
Tat ula and A fete!, sanguined, Jerox and fastuosa have similar proper- 
ties. Several species of Nicot.ia?ia furnish Tobacco. That chieilv used 
in Europe is procured from N. Tahacum , a plant naturally inhabiting 
the hotter parts of North and South America. It is an annual plant, 
attaining a height of six feet, having dingy-red infundibuliform 
llowers (fig. 294) and viscid leaves. The leaves are the officinal part, 
and their active propeitics depend on a peculiar oily-like alkaloid 
called Nicotina. They are employed in the form of infusion, tincture, 
and wine. Tobacco is an energetic narcotic poison. Its oil, which is 
inhaled and swallowed in the process of smoking, is one of the most 
deadly known poisons. The Hottentots are said to kill snakes by putting 
a drop of it on their tongues: the death of these reptiles is said to take 
place instantaneously. It is employed medicinally ns a sedative, and 
its depressing action is useful in cases of hernia. Its depressing action 
is indicated by its effect on the cerebral functions and on the heart. 
The flavour and strength of tobacco depend on climate, cultivation, 
and the mode of manufacture. That most esteemed by the smoker is 
Havannah tobacco; but the Virginian is the strongest. It is said that 
small Havannah cigars are piepared from the leaves of A hcotiana 
repanda; Syrian and Turkish tobacco from N. rnstica, and fine Shiraz 
tobacco from N. persica. The fruit of different species and varieties of 
Capsicum eaipply Cayenne-pepper, and what are called Chillies. Chilli 
is the Mexican name for all the varieties of Capsicum. They are 
natives of the East and West Indies, and of other hot climates. Cap- 
sicum annuum is the species commonly noticed, but of it there seems 
to be numerous varieties, which by many are reckoned species. 
Thus, C.frutescem is a shrubby plant which, along with C. minimum, 
supplies the variety called Bird-pepper ; C. baccatum has a globular 
fruit, and furnishes Cherry or Berry-capsicum. In Capsicum irritant 
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properties prevail, without any narcotic action. Their acridity is 
owing to an oleaginous substance called Capsicin. Cayenne-pepper 
is used chiefly in the form of tincture as a rubefacient and stimulant, 
especially in cases of ulcerated sore throat. It acts on the stomach as 
an aromatic condiment, and, when preserved in acetic acid, it forms 
Chilli vinegar. Mandragora officinalis (Atropa Mandragora), Man- 
drake, acts as a stimulant on the nervous system, and its forked root 
was Jong celebrated for its properties in this respect. It is the own, 
(Dudaim) of the Bible. Its root is easily made to assume the human 
form, and hence has arisen the stories of the plant shrieking when 
torn out of the ground. By the Arabs the plant is called Tufah-al- 
Sheitan, or Devil’s apple. The species of Physalis are remarkable for 
their accrescent calyx (fig. 280). The fruit of some, such as P . peru- 
viana, Peruvian Winter Cherry, is eaten. The fruit of Lycop&'sicum 
esculentum is the edible Tomato, or Love-apple; that of Solanum 
ovigerum is the Egg-apple. 

A division of the genera of this order has been made by M. Fee 
into — 1. Those which contain species, all of which are more or less 
poisonous, as Datura, Tlyosvyamus , Atropa , Nicotiana, &c. 2. Those 

which contain some species doubtfully poisonous, and others innocuous 
or stimulant, as Solanum and Capsicum. 3. Those having species 
which are all innocuous, as Ly coper sic urn Miers has revised the genera 
included in the orders Solanacea? and ScrophulanaceaB, and he pro- 
poses to institute an intermediate order, Atropaceae, as follows : — 

1. Sol.inacesc; Isomerous iioweis with a valvate or induplicato- 
valvate aestivation ; inflorescence extra-axillary. 

2. Atropaceoe; Isomerous flowers or nearly so, with a more or 
less imbricate aestivation; inflorescence extra-axillary, narcotic; 
cause dilatation of the pupil. 

3. Scrophulariacca* ; Anisomerous flowers with imbricate aestiva- 
tion ; organs of inflorescence truly axillary. 

962. Order 135. — Orobanchaceae, the Broom-rape Family. (Mono- 
pet. Hypog ) Calyx divided, persistent, inferior. Corolla monopetal- 
ous, hypogynous, irregular, usually bilabiate, persistent ; aestivation 
imbricated. Stamens 4, didynamous. Disk fleshy. Ovary free, 1- 
celled, composed of two carpels which stand fore and aft, with 2 or 
more parietal placentas ; ovules 00 ; style 1 ; stigma 2-lobed, each of 
the lobes belong half to eacli carpel. Fruit capsular, enclosed within 
the withered corolla, 1 -celled, 2-valved. Seeds 00, minute; embryo 
very minute, at one end of fleshy albumen. — Herbaceous parasitical 
plants, having scales in place of leaves. They arc natives of Europe, 
more especially the southern parts, and of Asia, North America, and 
the Cape of Good Hope. Lindlev gives 12 genera, and 116 species. 
Example * — Orobanche, Lathraea. 

963. The properties of the plants of the order are, in general, astrin- 
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gency and bitterness. Some have been used as tonics, and as applica- 
tions to indolent ulcers. The species of Orobanche are called Broom- 
rapes, on account of the ravages they are supposed to commit on the 
Broom tribe. They attach themselves to the roots of various plants, 
and are hence called I!oot-parasites. Different species infest and 
injure different tribes of plants. Thus, Orobancht Rupum is parasitical 
upon Broom and Furze ; 0. ramosa , upon Hemp ; 0. rubra , upon com- 
mon Thyme ; 0. minor , upon red Clover ; (). Hederce , upon the Ivy ; 
0. datior and arenaria , upon different species of Composite, as Cen- 
taury and Milfoil. The stems of Orobanches have a large central 
cellular portion, surrounded by numerous fibro -vascular bundles, 
which are arranged in a circle without any medullary rays. Tubers 
exist at the lower part, whence subterranean buds are developed. 
Sometimes the fibro-vascular bundles of the plants, to which the 
Broom-rapes are attached, are found ramifying in the substance of the 
parasite. As Broom-rapes possess tubers and ordinary roots, Ilenfrcy 
is disposed to think that they also derive nourishment from the soil in 
the usual way. Laihrcea sguamaria , Tooth-wort, is parasitical upon 
the roots of Hazels, Cherry-laurels, and other trees. Epiphegus vir~ 
giniana, Beech-drops, has been used in powder as an application to 
cancerous sores. In conjunction with white oxide of Arsenic, it is 
supposed to have constituted the specific known in North America 
under die name of' Martin’s Cancer Powder. 

964. Order 136. — Scropbubriacea, the Figwort Family. ( Monopti . 
Hypog.) Calyx divided into 4 or 5 parts, unequal, persistent, inferior 
(fig. 288 c). Corolla monopetalous, more or less irregular and bilabiate 
(fig. 288^), or personate (fig. 300), sometimes spurred or saccate at 
the base ; aestivation imbricate, in the bud, the flowers are regular 
(fig. 305). Stamens usually 4, didynamous (figs. 344, 346), rarely 
5, sometimes 2 ; anthers bilocular, or unilocular by abortion or adhesion. 
Ovary free, 2-celled; ovules usually 00; style simple ; stigma 2-lobed, 
rarely entire. Fruit capsular, rarely fleshy, dicarpellary, 2-celled 
(fig. 445), 2-4-valved, opening by septicidal or loculicidal "dehiscence, 
rarely by pores (fig. 462) or lids, the dissepiments becoming finally 
loose in the centr- (fig. 446). Placentas attached to the dissepiment, 
and sometimes in the mature fruit becoming central. Seeds definite 
or 00; embryo straight or slightly curved, included within fleshy al- 
bumen. — Herbs, undershrubs, or shrubs, with opposite, whorled or 
alternate leaves. They are found generally distributed over the globe, 
both in cold and warm regions. The order has been divided by 
Benthani into three sections: — 1 . Salpiglossidea?. 2 . Antirrhinideae. 
3. Rhinaiithideae. The characters of these divisions are founded on the 
nature of the inflorescence, whether centrifugal, centripetal, or com- 
pound, and the aestivation of the corolla. There are 176 known 
genera, and 1,814 species. Examples — Schizanthus, Salpiglossis, Cal- 
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ceolaria, Verbascum, Antirrhinum, Scrophularia, Pentstemon, Mimu- 
lus, Digitalis, Veronica, Rhinanthus, Melampyrum. 

965. The plants of the order are usually scentless, or at all events 
not aromatic. They are acrid and slightly bitter, and some of them 
are sedative and poisonous. Some of the plants of the order belong 
to the tribe of Root-parasites. This is particularly the case with species 
of Euphrasia , Rhinanthus , Bartsia , Melampyrum , and Pedicularis. 
These parasites differ from Broom-rapes in having green leaves, and 
they seem to be apparently independent after they have acquired a 
certain degree of development. The species of Mimulus have a bila- 
mediate stigma, the two lamellae of which are irritable, and close when 
irritated. The movements of the stigma are probably in some way 
connected with fertilization. One of the species, Mimulus luteus , has 
become naturalized in many parts of Britain, as in the neighbourhood 
of Edinburgh, on the shores of the Clyde, the Isle of Skye, Perthshire, 
&c. Mimulus moschatus is cultivated on account of its musk-like 
odour. The most important medicinal plant of the order is Digitalis 
purpurea , Foxglove, the leaves and seeds of which are employed in 
the form of powder, tincture, and infusion. The leaves have a bitter 
taste, which they retain when carefully dried. In large doses they 
act as a narcotieo-irritant poison, and in small doses they are used as 
sedative of the circulation, and diuretic. Their continued use causes 
great slowness of the pulse, and hence their employment in diseases of 
the heart and in hsemorrhages, such as luernoptysis. In dropsical 
cases, especially those connected with diseased heart. Digitalis is exten- 
sively used. Its active properties are due to the presence of a crystal- 
line principle called Digitalin. Several other species of Digitalis, such 
as D. Icevigata, granchflora , lutia , and tomentosa , have similar properties. 
The leaves of Scrophularia nodosa , knotted Figwort, have irritant 
qualities, and have been used as emetic and cathartic remedies. In 
the form of ointment and fomentation, they have been applied to 
diseases of the skin and tumours. The woolly leaves of Verbascum 
2'hapsus } Great Mullein, arc emollient and slightly narcotic. They 
have been used in some pectoral affections. Die species of Melampy- 
rum are called Cow-wheat, in consequence of being relished by cows. 
Euphrasia officinalis , Eye- bright, or Euphrasy, was formerly used in 
cases of ophthalmia. Borne of the species of IAnai ia and Calceolaria 
are used for dyeing. Linaria vulgaris exhibits what Linnaeus called 
Peloria (^f 654, 655), by the flowers being 5-spurred in place of 
1-spurred, and thus becoming symmetrical. Gratiola officinalis , Hedge- 
hyssop, is bitter and acrid, and is said to enter into the composition 
of the Eau medicinale, so much vaunted as a remedy for gout. This 
was formerly called Gratia Dei, on account of its efficiency as a medi- 
cine. In over doses it acts as a poison. According to Haller, it renders 
by its abundance some of the Swiss meadows useless as pastures. The 
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leaves of Veronica officinalis are bitter and astringent, and are some- 
times used as tea. 

966. Order 137. — LabJntsD (Lamiaceae of Lindley), the Labiate 
Family. ( Monopet . Eypog.) Calyx tubular, inferior, regular or bila- 
biate, persistent (fig. 670, 672 c). Corolla monopetalous, hypogy- 
nous, bilabiate ; upper lip entire or bifid, lower 3-lobed (figs. 299, 
670, 671). Stamens 4 (fig. 669), didynamous (fig. 671 e), some- 
times 2 by abortion, inserted into the corolla, and alternate with the 
lobes of the lower lip; anthers 2-eelled, or 1-celled by abortion, or 



by absorption of the septum (fig. 333); connective sometimes large 
and distractile (fig. 333 c). Disk fleshy. Ovary free, deeply 4 lobed 

Fir?. 669-673 —Organs of fructification of Lamiuni album, to illustrate the natuial ordor 
Labiatse. 

Fir 660 — Dingiam of the flower, with the pentarncrous eulvx; pentamerons corolh, having; 
two lips, the upper lip being funned of two united petals, the lowei ot tluec, luui stamens, in 
eoi.soipieiiee being undeveloped, and tour dnisious ot the own v. 

Fir- 670 —Entire flowci \ hites ally. c, inve-cleft calyx. t. Tube of the corolla. Is, Upper 
lip of two petals It, Low i n; v i !:i ■■■ ’ s, Style. 

Fig;. 671 —The flower cut vertically, c. Calyx, p, Coiolla. e, Didynamous stamens s, Styl« 
and bifid stigma, o, Ovui v. 

Fig 672. - Fiult (atetiachamlum) cut yerhcully, showing the carpels, two of which ha\e been 
removed, c. Persistent calyx q , FlesFv dul; g'.md r. Gv>’“ba8ic receptacle bearing the 
style, s, which is basilar, i. e. arises ti om . , ^ip.nioil . o. Two carpels, which tbnu 

achsenia when ripe. 

Fig 673 —A carpel cut vertically, p, Pericarp, t, Integumont of the seed, e, Embryo erect 
with inferior radicle. 
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(figs. 402, 669); ovules 4 ; style 1, basilar (figs. 402, 671 s); stigma 
bifid (fig. 671 s), usually acute. Fruit consisting of 1-4 achaenia, en- 
closed within the persistent calyx (figs. 402, 672). Seeds erect (fig. 
673) ; albumen either 0, or in small quantity ; embryo erect (fig. 
673 e); cotyledons flat; radicle inferior. — Herbs or undershrubs, with 
tetragonal stems, opposite exstipulate leaves, and cymose inflorescence, 
the flowers being often in verticillasters. Linnaeus looked upon the 
fruit as naked seeds, and hence included many of the plants in the 
order Gymnospermia of his Didynamous class. They are natives 
chiefly of temperate regions. Lindley mentions 125 genera, including 
2,350 species. Examples — Mentha, Salvia, Melissa, Lamium, Teu- 
crium, Scutellaria. 

967. The plants of this order are in general fragrant and aromatic, 
and none of them are poisonous or injurious. Scarcely any are used 
for ordinary food, although many form grateful condiments. Their 
leaves contain receptacles of volatile oil, and many of them furnish a 
stearoptin resembling camphor. Medicinally, many of them are used 
as carminatives. The species of Mentha yield volatile oils. M. Piperita, 
Peppermint, is used as a powerful diffusible stimulant in cases of colic 
and gastrodynia. The oil is procured by distillation with water, and, 
when dissolved in rectified spirit, it forms ths essence of Peppermint. 
Mentha vindis , Spearmint, is used in the same way as Peppermint; 
while M. Pulegium , Penny-royal, is employed as a pectoral and anti- 
spasmodic. Lavandula vera ( L . spica, officinalis, and angustifolia of 
authors) yields the best oil of Lavender ; while L. latifolia furnishes 
Spike-oil, Like the other volatile oils of the Labiata?, oil of Lavender 
consists of a fluid oil, or Elaioptin, and a solid crystalline substance, or 
Stearoptin, analogous to camphor. Lavender is a tonic, stimulant, 
and carminative. The flowering tops o i Rosmarinus officinalis , Rose- 
mary, furnish an oil which has similar properties. It is used much in 
perfumer} 7 , and enters into the composition of Fau de Cologne. It is 
reputed as possessing considerable cificacy in encouraging the growth 
of hair and in curing baldness. The admired flavour of Narbonne 
honey is ascribed to the bees feeding on the flowers of this plant. 
Oils of the same nature are procured from Origanum vulgare , Wild 
Marjoram, O. Mqjorana, Sweet Marjoram, Melissa officinalis , common 
Balm, and Marrubium vulgare, white Horehound. Some consider the 
Hyssop of Scripture, as being ITyssopus orientalis (IT. officinalis, 
var. angustifobus) ; but Ro^le looks upon it as one of the Caper plants 
( Capparw cegypiiaca ), Plccfranthus graveolens of some, Pogostemon 
mavis or P. Patchouly of others, is the Patchouli plant of the East 
Indies, which is used as a perfume. It is called in India puch4 p&t. 
It yields a volatile oil of a yellowish -green colour. Lycopus virginiem , 
Bugle-weed, and L. europaus , Gipsey-wort, are used as astringents 
and sedatives. Many Labiates, such as Thyme (Thymus), Mint (Men- 
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tha ), Sage {Salvia), Basil ( Ocymum ) Savoury {Satureia), &c., are used 
as culinary vegetables, more particularly to flavour sauces and dishes. 
The species of Salvia are distinguished by having only two stamens in 
consequence of the abortion of the rest, and by their distractile con- 
nective, which separates the anther lobes (fig. 333). In the episperm 
of the seeds of the species of Salvia there are beautiful spiral cells, the 
fibres of which, like those of Collomia, uncoil when moistened with 
water, and form an interesting microscopic object. Salvia officinalis , 
common sage, has been used in the form of tea as a stomachic. What 
are called Sage- apples, are galls produced by the puncture of insects 
on Salvia pomifera. The roots of Ocymum tuberosum are said to be 
esculent. Hyptis membranacea, one of the Brazilian Labiates, attains 
the height of twenty or thirty feet. 

968. Order 138. — Verbenaci*sr, the Vervain Family. {MonopeU 
Hypog.) Calyx tubular, persistent, inferior. Corolla monopetal ous, 
tubular, hypogynous, deciduous, limb usually irregular; aestivation 
imbricated. Stamens usually 4, didynamous, rarely equal, sometimes 
2. Ovary free, 2-4-cclled; ovules usually 4, erect or pendulous, 
anatropal or amphitropal ; style 1, terminal; stigma bifid or entire. 
Fruit nucamentaceous or baccate, composed of 2 or 4 acluenia united. 
Seeds 1-4; albumen 0 or fleshy ; embryo straight; radicle either in- 
ferior or superior. — Trees or shrubs, rarely herbs, with opposite or 
alternate, exstipulate leaves. The order has been divided into three 
suborders: — 1. Myoporineie, anthers 2-celled, seed pendulous, radicle 
superior ; natives of the southern parts of America and Africa, and of 
Australia. 2. Verbeneae (fig. 237), anthers 2-celled, seed erect, radicle 
inferior ; natives both of the tropical and temperate regions of America, 
and found also in Asia and in Europe. 3. Selagineae, anthers f-celled, 
seed pendulous, radicle superior ; natives chieliy of the Cape of Good 
Hope, but some are European. There are 75 known genera, and 
upwards of 770 species. Examples — Myoporum, Avicennia, Verbena, 
Vitex, Tectona, Selago, Globularia. 

969. Many of the plants of the order are fragrant and aromatic, 
some aie bitter, tonic, and astringent, others are acrid. None of them 
occur in the British Pharmacopoeias. Aloysia citriodora , Sweet-scented 
Verbena, is commonly cultivated for its fragrance. In the leaves, Dr. 
Murchison has noticed peculiar glands containing oily matter. The 
species of Avicennia have adventitious roots like the Mangrove. The 
bark of Avicennia tomentosa is used in Brazil for tanning. Tectona 
grandis is the Teak-tree of India, the wood of which is very hard and 
durable, and is used for ship-building. A fine specimen exists in the 
Edinburgh Botanic Garden. The trunk of the tree in Eastern forests 
sometimes attains a height of two hundred feet, and its leaves are twenty 
inches long by sixteen broad. Clerodendron leaves when bruised are 
employed to kill vermin on cattle in India. The twigs form tooth- 
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picks. Myoporum platycarpum of Australia exudes a saccharine 
matter from its stem. The fruit of several species of Vitex is 
acrid and aromatic. Some species oiJAirdana and Stachytarpheta are 
used for tea. The Vervain was a sacred plant among the Greeks, and 
it was looked upon by the Druids with superstitious reverence. 

970. Order 139. — Acanihaera, the Acanthus Family. ( Monopet . 
Hypog.) Calyx with 4-5 divisions, equal or unequal, occasionally 
multifid, or entire and obsolete, persistent. Corolla monopetalous, 
hypogynous, usually irregular, with the Jiinb ringent or bilabiate, or 
rarely unilabiate, sometimes nearly equal, deciduous. Stamens in- 
serted on the corolla, usually 2, sometimes 4, didynamous, the shorter 
ones being * occasion ally sterile; anthers 1-2-celled, with longitudinal 
dehiscence. Disk glandular. Ovary free, 2-celled ; placentas adher- 
ing to the axis ; ovules 2 or more in each cell, curved ; style 1 ; 
stigma 2-lobed, rarely entire. Fruit a 2-celled capsule, dehiscing by 
2 elastic valves, in a loculieidal manner. Seeds 2 or many in each 
cell, sometimes solitary, roundish, attached to hard, persistent, hooked 
or subulate ascending processes of the placenta; testa loose ; albumen 
0 ; embryo curved or straight ; cotyledons large, leafy ; radicle 
cylindrical, next the hilum. — Herbaceous plants or shrubs, with 
opposite, exstipulate, simple leaves, and bracteated flowers; 2 or 3 
large leafy bracts accompanying each flower. They abound in tropical 
regions. The order has been divided into three tribes:— 1. Thun- 
bergiese, with the placental processes in the form of a hard cup, sup- 
porting the seed. 2. Nelsonieoe, with the placental processes contracted 
into a papilla, bearing the seed, which is small and pitted. 3. Echma- 
tacanthi, with the placental processes hooked. There are 105 genera, 
accordfhg to Lindley, and about 750 species. Examples — Thunbergia, 
Nelsonia, Acanthus, Justicia, Ruellia. 

971. The plants of the order have mucilaginous and bitter proper- 
ties in general, but they are not put to important uses. The leaves of 
Acanthus , with their sinuated lobes, gave origin to the capital of the 
Corinthian pillar. Acanthus mollis has emollient qualities. The seeds 
of Acanthodium spicatum have beautiful spiral cells in their episperm 
(IT 11). The style of 1 hiellia ( Goldfussia ) anisophylla exhibits a peculiar 
irritability ; its curved stigmatic apex becoming gradually straightened 
so as to come into contact with the hairs of the corolla upon which the 
pollen is scattered. A deep-blue dye, called Room, is obtained in 
Assam from a species of Ruellia. A similar dye in China is procured 
from a species of Justicia. Many of the species of Justicia , Ruellia , 
and Aphelandra , are cultivated for their showy flowers. 

972. Order 140. — ijcmibuinriacew, the Butterwort Family. ( Mono- 
pet . Hypog.) Calyx inferior, divided, persistent. Corolla monopeta- 

3 hypogynous, irregular, bilabiate, usually spurred. Stamens 2, 
ted into the base of the corolla, and included ; anthers monothecal, 
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sometimes contracted in the middle. Ovary free, composed of 2 car- 
pellary leaves, unilocular ; ovules 00, anatropal ; placenta free, central ; 
style 1, very short; stigma bilamellar. Fruit a 1-celled capsule, 
dehiscing transversely, or by an apicilar cleft. Seeds numerous, 
minute, exalbuminous ; embryo sometimes undivided ; radicle next 
the hilum. — Aquatic or marsh herbaceous plants, with radical leaves, 
which are sometimes compound, and bear little bladders or ampullae. 
Flowers often on scapes. They are found in all parts of the world, 
and abound in the tropics. Lindley enumerates 4 genera, including 
173 species. Examples — Utricularia, Pinguicula. 

973. The plants of the order have no properties of importance. The 
name of Butterwort, given to the species of Pinguicula , may be derived 
from the property of giving consistence to milk. Others say that it 
has reference to the greasy appearance of their foliage. Linuaeus de- 
clares that the solid milk of the Laplanders is prepared by pouring it 
warm and fresh from the cow over a strainer on which fresh leaves of 
Pinguicula have been laid. Of the four British species, one ( P . 
grandifiora ) is peculiar to Ireland, and another ( P . alpina) is peculiar 
to Scotland. Utricularias , Bladderworts, arc so called on account of 
the utricles or bladders connected with the leaves (^[ 1C4). In the 
interior of these vesicles a mucous fluid is found along with cellular 
projections in the form of hairs. Utricularia nelambifolia grows in 
the water which collects in the bottom of the leaves of a large Till- 
andsia in Brazil. It sends out runners and shoots, and often in this 
way unites several plants of Tiilandsia. The leaves are peltate, and 
more than three inches across, while the flowering stem is two feet 
long. 

974. Order 141. — Prinmiacrie* the Primrose Family. ( Monopet . 
Ilypog.) Calyx 5- rarely 4-cleft (fig. *272), inferior or half superior, 
regular, persistent (figs. 075 c, 077). Corolla monopetalous (fig. 29 5p), 
hypogynous (fig. 075), rarely perigynous, with the limb 5- rarely 
4-cleft, sometimes 0 (fig. 543). m Stamens inserted on the corolla, 
equal in number and opposite to its segments (figs. 074, 075). Ovary 
free, (figs. 075, 070 o), rarely adherent to the base of the calyx, 1-celled ; 
ovules 00, usually ainphitropal ; style 1 (fig. 075 s ) ; stigma capitate 
(fig. 675). Fruit a capsule, opening with valves (fig. 077), or with a 
lid (fig. 458). Seeds numerous, peltate (fig. 078), attached to a free 
central placenta (fig 077) ; embryo straight (fig. 080), enclosed within 
fleshy albumen, and lying acro.^s the hilum (fig. G79). — Herbaceous 
plants, with leaves usually opposite, and frequently radical, exstipulate ; 
flowers on simple or umbellate scapes. They are natives chiefly of 
temperate and cold regions in the northern hemisphere ; some occur 
in elevated situations in warm countries. Lindley notices 29 genera, 
including 2 1 5 species. Exam pies — Prim ula, Androsace, Glaux, Trien- 
talis, Anagallis, Samolus. 
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975. None of the plants of this order occur in the British Pharmaco- 
poeias, and few of them haveany important medicinal properties. Acridity 
prevails more or less in the order. They are cultivated as showy garden 
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annuals and perennials. All the fine forms of Auricula are derived 
from the yellow Piimula Auricula , a native of the Swiss Alps. The 
British species of Primula, are P. veris , the Cowslip, the flowers of 
which are said to be narcotic ; P. elatior , the Oxlip ; P. vulgaris , the 
Primrose; P, farinosa, the Bird’s-eye Primrose; and P. scotica , the 
Scottish Primrose. The species of Cyclamen , or Sowbread, have large 
tuberous-like partially subterranean stems, with acrid properties, and 
their English name is derived from the circumstance of their being 
eaten as food by wild boars. In them, as well as in the species of Do - 
decatheon , the petals are reflexed. The flowers of the species of Ana - 
gallis are meteoric 484), and their seed-vessel is a pyxidium (fig. 
458). *They are said to be acrid, and to cause inflammation of the 
mucous membrane. Tricntalis europoea is the only British plant 
belonging to the Linnaean class Hcptandria. It is slightly acrid. In 
Samolus Valerandi , Brook-weed, the calyx is partially adherent to 
the ovary, and in Glaux maritima the corolla is abortive, and the 
calyx becomes coloured (fig. 543). 

976. Order 142. — plnmbaginaccro, the Sea-pink Family. ( Monopet . 
Hypog.) Calyx tubular, persistent, sometimes coloured; aestivation 
plaited. Corolla monopetalous, or pentapetalous, regular. Stamens 5, 

Figs. 674-690.— Organs of fructification of Primula elatior, illustrating the natural order 
Primulacc©. 

Fig. 674.— Diagram of the flower, with five imbricate divisions of the calyx, five segments of 
the corolla, five stamens opposite the coiolJine segments, and five carpellaiy leaves, surrounding 
a free central placenta. 

Fig. 675 —Vertical section of the flower, c, Inferior calyx p, Monopetalous corolla «, Sta- 
mens attached to the corolla, o, Supenoi ovaiy s , Style with capitate stigma. 

Fig 676.— Ovary cut vertically, to show the free cential placenta covered with ovules. #, Base 
of the style. 

Fig. 677.— Vertical section of the fruit /, Pcricaip. p, Placenta with numerous seeds, some 
of which have been detached. 

Fig. 678.— Peltate amphltropal seed separated, ft, Ililum 

Fig. 679.— Seed cut vertically. #, Integuments (spei modem). ft, Hilnm. p, Fleshy perisperm 
(albumen), c, Transverse embryo lying across the hilum. 

Fig. 610.— Embryo with cotyledons and radicle. 
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hypogynoiis when the corolla is gamopetalous, attached to the base of 
the petals when they are separate. Ovary free, 1-celled; ovule 
solitary, pendulous from a funiculus which arises from the bottom of 
the cell ; styles 5, seldom 3 or 4, each bearing a subulate stigma. Fruit 
a utricle. Seed pendulous ; spermoderm simple ; embryo straight, in 
the axis of mealy albumen ; radicle superior. — Herbs or undershrubs, 
with alternate or fasciculate exstipulate leaves, somewhat sheathing at 
the base ; flowers panicled or capitate. They inhabit the sea-shores 
and salt marshes chiefly in temperate regions. There are two sections 
of this order: — 1. Plumbagineac, with a synpetalous corolla and con- 
nate styles. 2. Staticea), with a pentapetalous corolla and distinct 
styles. Lindley mentions 8 genera, and 1G0 species. Examples — 
Plumbago, Statice, Armeria. 

977. Some of the plants are acrid, others have tonic qualities. 
Armeria maritima , Thrift, or common Sea-pink, grows both on the 
sea-shores and on the top of the highest Scottish mountains. Its 
inorganic chemical ingredients are said to vary in these positions 
(f 228). In Armeria the funiculus curves over the foramen of the 
ovule in a young state, but slips off at the period of fecundation, and 
allows an ovular process to proceed from the exostome towards the 
placenta. In this genus also, the scaly bracts unite so as to form an 
inverted cylindrical sheath below the heads or shortened panicles of 
flowers The root of Statice carohmana is said to be one of the most 
powerful vegetable astringents. Plumbago cur opera has been em- 
ployed for the relief of toothache, and has hence been called 
Toothwort. Its root is so acrid that it is used in Roumelia for causing 
issues. Administered internally in small doses it is said to be as 
elfectual an emetic as Ipecacuanha. Some of the species of this genus 
act as vesicants. 

978. Order 143. — PianinRinaoew, the Ribwort Family. ( Monopet . 
Hypog.) Calyx 4-parted, persistent, aestivation imbricate. Corolla 
monopctalous, hypogynous, scarious, persistent, with a 4-parted limb. 
Stamens 4, inserted into the corolla, and alternate with its segments; 
filaments long, filiform, folded inwards in the bud ; anthers ditheca], 
versatile. Disk inconspicuous. Ovary free, 2-4-celled ; ovules soli- 
tary, or in pairs, or 00 ; style simple, capillary ; stigma hispid, simple, 
rarely bifid. Fruit an operculate capsule enclosed within the per- 
sistent corolla. Seeds sessile, peltate, or erect ; spermoderm mucila- 
ginous ; embryo in the axis of fleshy albumen, transverse ; radicle 
inferior. — Herbs, which are often stemless, with radical ribbed leaves, 
and spiked hermaphrodite flowers, or solitary unisexual ones. The 
species are chiefly found in temperate and cool regions. There are 
3 genera noticed by Lindley, including 120 species. Examples — 
Plantago, Littorella. 

979- The plants of this order are frequently bitter and astringent. 
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Their mucilaginous seeds are sometimes used as demulcents. Plantago 
mantimais found both on the sea-shores, and on the top of the highest 
mountains in Scotland. Its inorganic constituents are said to differ 
in these localities (^[ 228). Plantago major , Way-bred, is said to 
follow the footsteps of man in his migrations. Its spikes are used for 
feeding birds. Sometimes the bractlets become large, and at other 
times they assume a verticillate appearance. 

Subclass IV. — MoNOCII f.AMYDKjfC.* 

980. Corolla wanting ; a calyx, or what is called a simple perianth, 
present ; flowers sometimes Achlamydeous This subclass includes the 
A petal ous orders of Jussieu, and many of his Diclinous irregular orders. 
It corresponds to the Apctalee and Gymnospermae of Endlicher. 

Section A. — Anojospermje f 
a Sl’kKMOUEN 1'. 

Having true seeds with a Dicotyledonous embryo . 

98 1 . Monochlamydeous or Achlamydeous plants, having their seeds 
contained in an ovary, and fertilized by the action of the pollen on a 
Stigma. It is the Apetalous division of Endlicher’s Acramphibrya. 

982 Order 144. — ivycmginat fsr, the Marvel of Peru Family. ( Apct . 
Ilypog.) Perianth tubular, coloured, contracted in the middle, be- 
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* M cvc(, one, and uv-, a cloak or coveiing 
t A yyo;, a vessel, and rrc^/*x, a seed 

Figs 681-687 —Organs of fructification of Mnabihs Jalapa, illustrating the natural order 
Nyctaginacea? 

Fig 681 — Diagram of the flower, with an imbricated involucre, five divisions of the perianth, 
five alternate stamens, and a unilocular ovary 

Fig. 682. — Lower part of the flower cut vertically t, Involucre c, Base of the perianth, 
green and swollen around the ovary, t, Part of its coloured tube e, Lower part of the filaments. 
«, Part of the style, o. Ovary with its eiect ovule. 

Fig 683.— Stamens with convex sw elling at the base of the filaments. 

Fig. 681— Style and stigma. 
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coming indurated at the base (fig. 682); limb entire, or toothed and 
deciduous; activation plicate (fig. 681). Stamens dt finite, hypogy- 
nous (fig. 682 e ) ; anthers di thecal (iig. 688). Ovar) supeiioi, 1- 
celled; ovule solitary, erect; style 1 stigma 1 (figs. 6S2. 6S4). 
Fruit a caryopsis, enclosed within the enlarged persistent tube ot the 



pel ninth (figs. 441, 68 5, 686). Embryo pcripheiicnl (figs 522, 
686 e ) ; albumen farinaceous; cotyledons foliaccous ; radicle inferior 
(tigs. 686, 687). — Herbs, shrubs, or trees, with opposite, often unequal, 
sometimes alternate leaves, and involucrate flowers (fi^s. 681, 682). 
They are natives principally of warm regions. Lindley notices 14 
genera, including 100 species. Examples — Mirabilis (Nyctago), Boer- 
baa via, Pisoniu. 

988. The plants of the order have in general purgative qualities. 
Mirabilis Jalapa was at one time considered the Jalap-plant, m place 
of Exogoniiun Puuja , one of the Convolvulaceoe. M. dichotoma is the 
Marvel of Peru, which is commonly cultivated in gardens. It is 
called in the West Indies u four o’clock flower,” on account of opening 
its blossoms at that hour in the afternoon. Some oi the species of 
Pisoma present a peculiar arrangement of the vascular bundles of the 
woody stem, which resembles in appearance that of Endo^ens. 

984. Order 145 — Amminiiimcra* the Amaranth Family. {Apet. 
llypoj.) Perianth 3-5-partite, hypogynous, scarious, persistent, usually 
with two bractlets at the base. Stamens hypogynous, either 5 and 
opposite the segments of the perianth, or double that number, distinct, 
or united, sometimes paitly abortive; anthers either dithecal or mono- 
thecal. Ovary superior, single, 1 -celled; ovules solitary or several, 
amphitropal, hanging fiom a free cential funiculus; style 1, or 0; 
stigma simple or compound. Fruit a utricle or a caryopsis, rarely 
baccate. Seeds lentiform, pendulous; testa crustaeeous; embryo peri- 
phencal ; albumen farinaceous; ludiele next the hilum. — Herbs and 
shrubs, with simple, opposite, or alternate exslipulate leaves; flowers 


Iiff. GH5 — Fruit enclosed hv th° ■per'"! .uit and indurated 1> ise of the yei lantli 
lifc CM. —The same cut \ - 1 i -n i, luuduue r, IV i.utlh /, Peruuip p, Pc.ispunn. 
r, Curved peiipheimj eml.i\o, sin loundmg mealy album cm i 

Fi£ <>87. — Hni izontal section ot the liuit r, Pei ninth t , Integument ot the seed with the 
pen carp, p, Peuspcim. r, Radicle c a. Cotyledons 
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in heads or spikes, usually hermaphrodite. They are natives of tropical 
and temperate regions. There are 38 known genera, and 282 species. 
• Examples — Amaranthus, Achyranthes, Celosia, Deeringia, Gornphrena. 

985. The plants are principally mucilaginous and demulcent. Many 
of them are known in cultivation, such as Amaranthus hypochondriacm , 
Prince’s-feather ; A. caudal us. Love-lies-bleeding; Celosia cnstata , 
Cockscomb; Gornphrena globosa , Globe amaranth. Amaranthus Blitum, 
A. oleraceus , or Chusan Han-tsi, and other species, are used as pot- 
herbs. In the Cockscomb, the flowers form at the apex a peculiar 
crest of flattened or fasciatcd peduncles (fig. 230). 

986. Order 146. — Chmopodiacfas the Goosefoot Family. ( Apet . 
Pengyn . and Uypogyn.) Perianth deeply divided, sometimes tubular 
at the base, persistent, without bracts; eestivation imbricate. Stamens 
inserted into the base of the perianth or hypogynous, opposite to its 
segments, and equal to them in number, or fewer (fig. 544). Ovary 
single, superior, or sometimes cohering to the tube of the perianth, 

1 -celled; ovule solitary, attached to the base of the cell; style 2-4- 
parted ; stigmas simple. Fruit membranous, indehiscent, enclosed in 
the calyx, sometimes fleshy. Seed erect or resupinate ; embryo curved 
around farinaceous albumen, often like a horse-shoe, or spiral or 
doubled together without albumen; radicle next the hilum. — Herbs 
or undershrubs, with alternate, sometimes opposite, exstipulate leaves, 
and hermaphrodite or unisexual flowers. They are found in almost 
all parts of the world, but do not abound in the tropics. Most of the 
plants are inconspicuous weeds. There are 67 known genera, and 372 
species. Examples — Chenopodium, Salicomia, Salsola, Atriplex, Beta, 
Basella. 

987. Many of the plants of this order are used as esculent potherbs, 
such as Spinacia oleracea , Spinage, Beta vulgaris , Beet, and var, cam- 
pestris , Field Beet or Mangold Wurzcl, Atriplex hortensis , Garden 
Orach, Chenopodium Bonus Ilenricus , English Mercury. The seeds 
of Chenopodium Quirioa are used as food in Peru, under the name of 
petty rice. The plant grows at a great elevation. Its leaves are used 
for spinage. They contain much starch and oil, combined with a bitter 
substance which appears to reside in the integuments. Many of the 
plants grow in salt marshes, and are called Halophytes (aXf, salt, 
and ifivTovy a plant). They yield a quantity of soda. Among them 
may be enumerated species of Salicomia , Salsola , Ilalimocnemis , and 
Kochia. Beet-root yields a quantity of sugar. Amhrina anthelmin - 
tica yields a volatile oil, which is used in the cure of worms. Some 
of the Chenopodiums have a very fetid odour. The genus Atriplex 
lias polygamous flowers, and w r as placed by Linnaeus in his class poly- 
gamia. Salvadora persica y the true Mustard-tree, otvnm or dvoiirt of 
Scripture, has been referred to this order. Lindley considers it the 
type of a new order in his Eehial alliance. The tree grows in Syria, 
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and it has been found in Ceylon. Its root is acrid. Its succulent 
fruit has the taste of cresses, and its seeds are very small. 

988. Order 147. — Phytolaccace«e, the Phytolacca Family. [Apet. 
Perigyn.) Perianth 4-5-partite. Stamens usually perigynous, inde- 
finite, or equal to the segments of the perianth, and alternate with 
them. Ovary of 1 or several carpels, distinct or combined ; ovule 1 
in each carpel, ascending or erect ; styles equal to the carpels in number, 
terminal or lateral ; stigmas simple or divided. Fruit fleshy and dry, 
mdehiscent, sometimes satnaroid. Seeds solitary, erect or ascending; 
embryo straight or curved ; albumen mealy or 0 ; radicle next the 
hilum.— Undershrubs or herbs, with alternate, entire leaves, which are 
often dotted. They are natives both of tropical and warm countries, 
and are found in America, Asia, and Africa. The order has been 
divided into two suborders ; — 1. Phytolaccem, with ascending seeds, em- 
bryo curved round mealy albumen, and exstipulate leaves. 2. Peti- 
verieac, with an erect seed, exalbuminous straight embryo, and stipulate 
leaves. There are 12 known genera, including about 70 species. Ex- 
amjjles — Phytolacca, liivina, Petiveria. 

989. There is frequently much acridity in the plants of this order, 
and some of thorn act as irritant emetics and purgatives. The 
succulent fruit of Phytolacca decandra , common Poke, yields a red 
juice. It has been used as a remedy in cases of chronic syphilitic 
pains, and it pos.^ sses also emetic and purgative qualities. The plant 
is said to yield much potash. Pdiceria alliacea is the Guinea-hen- 
weed, so called on account of these animals being fond of it. 

990. Order 148. — ■ > oiypo»mcc», the Buckwheat Family. (Apet. 
Hypog. and Perigyn .) Perianth inferior (fig. G88 c c), divided, often 
coloured ; estivation imbricate (fig. 689). Stamens definite, inserted 



Hus. 688-GflO — Oigam <>1 li unification of Fagnp’vrum es.ulentuin (Polygonum Fagopu mm, 
to illustrate the natmal mdei Polvgonaceie. 

i*ig 088— Veitical section of the flower c c , Pei ninth e e, Outer stamens, which art in- 
tun sc. n, Inner stamens, which arc cxtroise. a, Glandular appendages o, Ovary with its 
el e<‘t ovule, q s, Styles and stigmas. 1 

Fig hS 9 — Diugiam of the flower, showing five divisions of the imbricate peiianth, stamens 
opposite the divisions, with glands utid triangular unilocular ovary. 

tig. oho — heed cut veitically, showing the embryo with its eupenoi radicle curved at ono 
side of mealy albumen 
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into the bottom of the perianth (fig. 688 ee, e i); anthers with longi- 
tudinal dehiscence. Ovary free (fig. 688 o), usually formed by 3 car- 
pels, unilocular; ovule solitary, orthotropal (fig. 418); styles and 
stigmas equal to the carpels in number (fig. 688 s). Fruit a nut, 
usually triangular, naked or covered by the persistent perianth (fig. 
271). Seed erect; albumen farinaceous; embryo antitropal, gene- 
rally on one side (fig. 690), sometimes in the axis of the albumen; 
radicle superior (fig. 690). — Herbaceous, rarely shrubby plants, with 
alternate, stipulate, or exstipulate leaves, and often unisexual flowers. 
They are found in almost all parts of the w r orld, more especially in the 
temperate regions of the northern hemisphere. They grow in fields, 
waste-grounds, ditches, mountains, &c. The order has been divided 
into two tribes : — 1 Polygoncae, with loose flowers, embryo usually 
abaxial (fig. 521), och reate stipules (fig. 132). 2. Eriogonese, with 

involucrate flowers, embryo axial, leaves generally exstipulate. Lind- 
ley enumerates 29 genera, including 490 species. Examples — Poly- 
gonum, Rumex, Rheum, Eriogonum. 

991. The plants of this order have astringent and acid properties, 
some of them are purgauve, and a few arc acrid. # Their astringency 
depends on the presence of tannin, and their acidity chiefly on oxalic 
acid. The root of Polygonum Jhstorta , Bistoit, so called on account 
of its double twist, contains much tannin, some gallic acid and starch, 
and is a powerful astringent. The leaves of P. Hydropiper , Water - 
pepper, are acrid and vesicant. P. tmetorium yields a. blue dye. The 
fruit of P. ui'iculare is emetic and purgative. The fruit of Fagopyrum 
eseulcntum, and other species of P>uck wheat, is used as food. The 
plant is cultivated in some northern countries. The leaves of Rumex 
acetosa , Common Sorrel, and of 11 . Acdosellci , Field Sorrel, are acid 
and astringent. The roots of Rumex aquations, Water Dock, It lly- 
drolapathum , Great Water Dock, and of other species, are used as as- 
tringents, and alteratives, while those of It alphws , under the name 
of Monk’s-rhubarb, were lormerly employed as purgatives. One of 
the most important plants of the order is the Rhubarb-plant. The 
officinal Rhubarb is the root of an undetermined species of Rheum. 
The extent of country from which rhubarb of one kind or another is 
actually collected, according to Christison, stretches from Ludak, in 
77^° east longitude, to the Chinese province of Shen-si, 29° farther 
east, and from the Sue-chan mountains, in north latitude 26°, nearly 
to the frontiers of Siberia, 21 u northward. The best rhubarb is said 
to come from the very heart, of Thibet, within 95° east longitude, and 
35° north latitude, fi\e or six hundred miles north of Assam. The 
lullowmg are the species Rheum said to yield rhubarb: — 

1. Rheum pabnatuhi , b. This has perhaps the best title to be considered the true 

rhubarb-plant. 

2. Rheum undulatum , L., which yields much of the French ihubarb. 
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3, Rheum compactum , L. Another species yielding French rhubarb, and often cul- 

tivated in Britain for its acid petioles. 

4. Rheum Emodi , Wall. This species yields a kind of Himalayan rhubarb. Its 

petioles are used for their acid properties. 

6. Rheum rhaponticum , L. Used in France and Britain in the same "way as the 

third species. 

6 Rheum hybrid um , Murr. Much cultivated in Germany for its root, and iu 

Britain for its stalks. 

7. Rheum Webbianum, Koylc. A Himalayan species. 

8. Rheum spici for me, Iloyle. Another Himalayan species. 

9. Rheum Moorcroflianum, Hoyle. Another Himalayan species. 

10. Rheum crassinervium, Fisch A Russian species. 

11. Rheum levcorhtzum , Pall. A Sibeiian and Altai species, said to yield imperial 

or White Rhubarb. 

12. Rheum Caspicum, Fisch A Capsian and Altai species. 

13. Rheum Riles , L. An Afghanistan and Persian species. 

All these species grow in the cold parts of the world, as on the Altai 
mountains, in Siberia, Thibet, North ot China, and on the Himalayan 
range. The rhubarb procured from one or more of these species, is 
known in commerce under the names of Russian or Turkey, Chinese or 
East Indian, and English rhubarb. Rhubarb contains raphides of oxa- 
late of lime (^[ 18), along with tannin, gallic acid, resin, and a peculiar 
yellow-coloured principle called rhabarberin, which seems to be 
identical with chrysophanic acid. Raphides form from 35 to 40 per 
cent, of Turkey rhubarb, and give rise to its grittiness. These crystals 
are less abundant in the other varieties of rhubarb. Rhubarb is 
employed medicinally as a cathartic, astringent, and tonic, in the form 
of powder, pill, extract, tincture, wine, and infusion. Coccoloba 
xtvifera , Sea-side-grape, so called from the appearance of its fruit, 
yields an astringent substance, called Jamaica Kino 

992. Order 149.- — B«»goniarrop* the Begonia Family. i^Apet, Diclin.) 
Flowers unisexual. Perianth coloured, having usually 4 divisions in 
the male flowers, and f> or 8 in the female, some being smaller than 
others ; aestivation imbricate. Stamens 00, distinct, or united into a 
solid column ; anthers collected in a head, dithecal, with a thick 
connective, and longitudinal dehiscence. Ovary adherent to the tube 
of the perianth, winged, 3 celled, with three placentas meeting in the 
axis ; ovules 00, nnatropal ; stigmas 5, sessile, 2-lobed, somewhat 
spirally twisted. Fruit a membranous, triangular, winged capsule, 
dehiscing below in a loeulicidal manner. Seeds 00, minute; testa 
thin and reticulated; albumen 0; embryo oblong; radicle next the 
liilum. — Semi-succulent herbaceous plants and undershrubs, with 
alternate oblique leaves, having large scarious stipules. They are 
sometimes called Elephant's-ear, frem the form of the leaves. They 
are natives of warm countries, as the East and West Indie-?, and South 
America. The stomata on the lower side of the leaves of many of the 
species of Begonia are arranged in clusters, and exhibit a beautiful 
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appearance under the microscope. Their leaves and young stems are 
acid, and have been used for tarts. Their roots are astringent and 
slightly bitter. Begonia obliqua is said to have purgative roots, and it 
is sometimes called wild rhubarb. There are 3 genera, and 159 
known species. Example — Begonia. 

993. Order 150. — Lauracc«, the Laurel Family. ( Apet Perigyn.) 
Perianth with 4 or 6 divisions, which are usually in 2 rows (figs, 
691, 692), the limb sometimes obsolete ; aestivation imbricate (fig. 692). 
Stamens perigynous, definite, often twice as many as the divisions of 
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the perianth, and arranged usually in two lows; those of the inner 
row (often three) being frequently sterile (staminodia), (fig. 693 e s). 
while those of the outer (often six in number) are fertile (figs. 692, 
693 e f)\ if the inner stamens are fertile, they are extrorse, while the 
outer are introrse; filaments of the inner row often with glands at 
their base (figs. 325, 691 g) ; anthers 2-4-cellcd, cells opening by 

tiffs 00 1 -097 — Organs of ti uotiliontion of Cinnamomum zejlanicain (Lauras Cinnamomum), 
to illusti ate the nut m a) older latui.'ue.c 

Fig 691— How CM entne, with 6-dividcd pci ninth 

Fig. 692.— Diagram ot the flower, with m\ mihiuate divisions of the perianth ; stamens in two 
rows, the outer six mtioise, tlm inner thiee extioise , gland ulut disk, and unilocular ovary. 

Fiff 693 — The flower e \ i i" . V 5 ■ pea ninth e t, Fei tile outer stamens with valvular 

introrse dehiscence, e s, - ( - with glandular bodies 0 , Monothecal ovaiy with 

pendulous ovule Stvle, and oh fuse stigma 

Flff (194 —Stamen separated /, 1 ilainent with two glandular bodies, g g , at its base, a, An- 
ther with vuh es 

Fig 695 —Anther view ed separate 1 }', showing its mode of dehiscence fi om below upwards by 
four longitudinal \ ah es. 

Fig 6% —hunt, which is succulent and partially enclosed in the persistent perianth 

1 iff <>97 —Tlic fiuit deprived ol the peilanth, and cut veitieally. p , Pericarp. t % Integument 
of the seed, e , Embryo. 
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longitudinal valves (figs. 325, 695). Ovary superior, unilocular (fig. 
693 o) ; ovule solitary, pendulous (fig. 693) ; style simple ; stigma ob- 
tuse (fig. 693 8). Fruit baccate or drupaceous, naked, or covered by the 
enlarged perianth (fig. 696); peduncle of the fruit sometimes becom- 
ing fleshy. Seed solitary, pendulous ; albumen 0 ; embryo inverted 
(fig. 697 e ) ; cotyledons large, plano-convex, peltate near the base ; 
radicle very short, superior ; plumule conspicuous. Trees, with 
exstipulate, alternate, rarely opposite leaves ; sometimes twining, para- 
sitic, and leafless herbs or undershrubs. They are natives chiefly of 
the tropical regions of Asia and America. Few are found in Africa. 
The order has been divided into two suborders : — 1. Laurem, true 
Laurels, trees with leaves. 2. Cassythese, Dodder-laurels, climbing 
parasitic plants without leaves. There are 47 known genera, and 
459 species. Examples — Laurus, Cinnamomum, Persea, Nectandra, 
Tetranthera, Cassytha. 

994. The plants of this order are in general aromatic and fragrant. 
Many of them yield volatile and fixed oils, others furnish camphor, 
and others have bitter and tonic barks. Some supply useful timber. 
Laurus nobilis is the Victor s-laurel, the leaves of which were used to 
crown the conquerors m battle, and in the Olympic games. It is 
probably the mtN of the Bible It is often called Sweet -bay, and is 
quite distinct from the common Bay, or Cherry-laurel ( Cerasus Lanro - 
eerasus ), both as regards structure and properties. It does not yield 
any hydrocyanic acid. The leaves and fruit are used medicinally as 
aromatic stimulants. The leaves contain a volatile oil, and the dark- 
coloured fruit yields, by expression, an odoriferous concrete oil of a 
green colour, called Oil of Bays. It is the only species found in Europe 
in a wild state. Camphora offidnarum (Laurus Camphora ), a native 
of China, Japan, and Cochin-China, is the Cam pli or- tree. Many 
plants supply a kind of Camphor, but the common camphor of the shops 
is the produce chiefly of this tree. All parts of the tree supply it, but 
it is obtained principally from the wood by distillation and subsequent 
sublimation. It is used in medicine as a sedative antispasmodic, in 
the form of mixture and tincture. The Borneo camphor has been 
noticed under the natural order Diplerocarpacese (If 789). Sassafras 
officinale ( Laurus Sassafras ), is an American tree, the root, wood, and 
flowers of which have been used in medicine. The root is prescribed 
in Britain as a warm aromatic stimulant and diaphoretic. It contains 
a volatile oil. A kind of Sassafras oil is procured from Nectandra or 
Ocotea cymbarum on the Casiquiarc river in S. America. Cinnamo- 
mum zeylanicum (Laurus Cinnamomum ), is the true Cinnamon-tree, 
cultivated in Ceylon. It attains the height of 30 feet The bark of 
the tree constitutes the cinnamon of commerce, the pftjp of the 

Bible. The young twigs about three years old furnish the best 
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cinnamon. The bark yields by distillation an oil, which is at 
first of a yellow colour, but soon assumes a reddish hue. The 
ripe fruit yields a concrete oil called cinnamon-suet. The root 
yields camphor. Cinnamon is administered as a tonic, stomachic, and 
carminative. The average importation of cinnamon into London is 
estimated at 500,000 pounds. The leaves of the cinnamon-tree are 
more or less acuminated ; they have three principal ribs, which come 
into contact at its base, but do not unite ; its young twigs are not 
downy, and its leaves have the taste of cloves. Cinnamomum Cassia 
or aromaticum ( Lanrus Cassia ), seems to be the chief source of the 
Cassia lignea, or Cassia-bark of commerce, the j*np of the Bible. It 

differs from the true cinnamon in many particulars. Its leaves are 
oblong lanceolate ; they have three ribs, which coalesce into one at the 
base ; its young twigs are downy, and its leaves have the taste of cinna- 
mon. There is a fine specimen of the plant about twenty feet high in the 
Edinburgh Botanical Garden, which bears flowers regularly every year, 
and occasionally has produced fruit. Cassia-bark is imported from 
Canton through Singapore. It yields a yellow volatile oil called Oil of 
Cassia. Both the bark and oil are administeied as aromatic stimu- 
lants. It is probable that Cassia buds, which consist of the Uower-bud 
(perianth and ovary), are the produce of the Cassia-bark tree. They 
are used chiefly in confectionery, and they have the llavour and pun- 
gency of Cassia. Malabar Cassia appears to be the produce jf another 
species of Cinnamomum, perhaps O curah/ptoidcs. Nictnndra Itodtcci, 
a large tree found in Biiti&h Gmana, yields a bark known as the 
Bebeeru-bnrk. The wood of the tree is imported for ship -building, 
under the name of Green-heart;. The bark was used by Dr. Bodie, who 
detected the existence of an alkaloid called Bebeenne. Di. Douglas 
Maclngan obtained it pure, and found along with it another alkaloid 
called Sipeerine. Sulphate of Bebeerine is used as an antiperiodic. 
The cotyledons of the seed contain much starch, and are used for food. 
Persea cfratissima (Lauras Person) yields a pear-slurped succulent 
fruit called Avocado or Allignfor-pcar, or Subaltern ’s-l)utter. * It 
contains a fixed oil. The clove nutmegs of Madagascar are produced 
by A tjn thophyllum aromaticum, and Brazilian nutmegs an* the produce 
of Cryptocarya moscJiata. Benzoin odorifemm is the Spice-wood or 
Fever-bush of North America. 

995. Order 151. — the Nutmeg Family. ( Apet . Di- 

c/m.) Flowers unisexual. Perianth trifid, rarely quadrifid, in the 
female deciduous; activation valvate. Stamens 3-12; filaments 
combined into a cylinder ; anthers united or distinct, dithecal, ex- 
trorse, dehiscing longitudinal’)'. Ovary free, composed of one or 
more carpels, unilocular; ovule solitary, erect, anatropal ; style very 
short; stigma somewhat lobed. Fruit succulent, 1-celled, 2-valved. 
Seed solitary, usually covered by a laciniated arillus ; embryo small, 
orthotropal, at the base of ruminate albumen ; cotyledons foliacoous ; 
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radicle inferior. — Trees with alternate, exstipulate, entire, not dotted 
leaves. Natives of the tropical regions of Asia and America. There 
are 5 known genera, and between 30 and 40 species. Example — 
Myristica. 

996. Acridity and aromatic fragrance are the properties of the 
order. The most important plant is Myristica officinalis ( M . moschata 
or aromalica ), a tree attaining a height of thirty feet, found in the 
Moluccas, and cultivated in many tropical countries. The fruit is 
drupaceous, and opens by two valves when ripe, displaying the beau- 
tiful reticulated scarlet arillus which constitutes mace. Within this 
is a thin, hard, dark -brown, glossy shell, covering the kernel, which 
is the nutmeg of the shops. It is said that a single tree will yield on 
an average about six pounds of nutmegs. By expression they are 
made to yield a concrete oil called Adeps Myristica* , or sometimes 
erroneously oil of mace. A volatile oil is also procured by distillation. 
Mace is an arillodc or additional covering of the seed commencing at 
the exostome (^f 581). It has a fine crimson hue, and yields a fatty 
matter and volatile oil, resembling those of the nutmeg. Nutmeg 
and mace are used medicinally as aromatic stimulants and condiments 
In large doses they have a narcotic effect. The fleshy part of the 
fruit is used as a preserve. The kernels of Myristica tomentosa are 
also used as aromatics, under the name of wild or male nutmegs. 
The bark of many plants of the order yields an acrid juice, which is 
sometimes of a crimson colour. A red pigment is furnished by Pyrrhosa 
tinyens. 

Order 997. 152. — Profcnce®, the Protea Family. ( Apet . Perigyni) 
Perianth more or less deeply 4-divided ; aestivation valvate. Stamens 
perigynous, 4 (1 sometimes sterile), opposite the segments of the 
perianth ; anthers dithecal, with longitudinal dehiscence. Ovary 
single, superior, unilocular ; ovules single or in pairs, anatropal or 
amphitropal ; style simple ; stigma undivided, discoid. Fruit dehis- 
cent or indelhsccnt. Seed exalbuminous, sometimes winged ; embryo 
straight ; cotyledons 2 or more ; radicle inferior, next the Lilum. — 
Shrubs or small trees, with hard, dry, opposite or alternate, exstipulate 
leaves. They are natives principally of Australia and the Cape of 
Good Hope. In general they occur in land unfit for cultivation, and 
seldom attain to a considerable size. The order has been divided into 
two sections: — 1. Nucumentacecc, with nucumentaceous indeliiscent 
fruit. 2. Folliculares, with follicular dehiscent fruit. Lindley mentions 
44 genera, including 650 species. Examples — Protea, Persoonia, 
Grevillea, Ilakea, Banksia, Dry and ra. 

998. The plants of this order have no medicinal properties of im- 
portance. They present great diversity of appearance, hence the name 
of the order, and they are cultivated for their handsome habit, and 
the peculiarity of their flowers. The clustered cone-like heads of the 

z 
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flowers of Banksias have a remarkable appearance. In Grevillea the 
style is at first bent downwards, and the discoid stigma is enclosed 
within the upper part of the perianth, where the anthers are placed ; 
but after the pollen has been scattered, the stigma is emancipated, and 
the style rises upwards. The fruit and seeds of a few plants of the 
order are eaten, and the wood is used for economical purposes. 
Guemna Avellana yields nuts, which are sold in Chili under the name 
Avellano. Protea melbfcra is called Sugar-bush, on account of the 
honev furnished by its flowers. Leucadcndron anjvntemn is the Silver- 
tree or Witteboom of the Cape. The bark of Protea grambjlom , 
called Wagenboom, is used by the Cape settlers in diarrhoea. It. 
attains a height of 8-14 feet, and its wood supplies fuel at Simon’s 
Town. Grevillea robusta is called Silver-oak. 

1)91). Order 15b. — Kiaragnacca:, the Oleaster Family. (Apet. Diclin, 
and Periyyn .) Flowers usually unisexual, rarely hermaphrodite. 
Male flowers amentaceous, with 2-4 leaves forming the perianth ; 
stamens 3, 4, or 8; anthers nearly sessile, dithecal, introrse, and 
dehiscing longitudinally. In the female and hermaphrodite flowers, 
perianth tubular, persistent, with an entire or 2-4-toothed limb. Disk 
fleshy. Ovary superior, 1-celled ; ovule solitary, ascending, on a 
short funiculus, anatropal ; style short; stigma simple, subulate, glan- 
dular. Fruit a crustaceous achsenium, enclosed within the enlarged 
succulent peiianth. Seed ascending ; embryo straight, surrounded by 
thin fleshy albumen ; cotyledons fleshy ; radicle inferior. — Trees or 
shrubs, with alternate or opposite, entire, exstipulate leaves, which are 
often covered with scurfy scales (fig. 83). They are found in all parts 
of the northern hemisphere. They have no marked medicinal pro- 
perties. The fruit of some is eaten. Ilippophac rfunnuotdes. Sea 
Buckthorn, is furnished with sharp spines, and forms a good hedge 
near the sea. Its fruit is eaten, although it is said by some to have 
narcotic qualities. The plant yields a yellow dye. The fruit of 
Elcvagnus parvifolia is eaten. Its flowers are highly fragrant, and 
abound in honey, which is esteemed as a remedy for malignant fevers 
in some parts of Europe. There are 4 known genera, and 3b species. 
Examples — -Elma gnus, Ilippophae. 

1000. Order 154. — Pemareir, the Sarcocol Family. (Apet. Perigyn.) 
Perianth coloured, salver-shaped, with a 4-lobed limb, and with two 
or more bracts at its base, persistent. Stamens perigynous, either 4 
or 8, alternate with the lobes of the perianth ; anthers dithecal, introrse. 
Ovary superior, 4-celled ; ovules usually in pairs, collateral, anatropal, 
ascending or suspended; style simple; stigmas 4. Fruit a 4-celled, 
4-valved capsule. Seed erect or pendulous ; testa brittle ; hilum 
with a fungus-likc aril ; nucleus a fleshy mass, without distinction of 
albumen or embryo, — Shrubs, with opposite, entire, exstipulate leaves. 
They are found at the Cape of Good Hope. They have no known 
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properties of importance. The gum-resin called Sarcocol is said to be 
produced on the perianth of Pencea Sarcocolla , and other species. 
There are two sections of this order: — 1. Penaeese, aestivation valvate, 
stamens 4, connective fleshy, ovules ascending. 2. Geissolomea?, aesti- 
vation imbricate, stamens 8, connective not fleshy, ovules suspended. 
There are 3 known genera, and 21 species. Examples— Pensea, Geis- 
soloma. 

1001. Order 155. — Thymeiacacene, the Daphne Family. (ApeL 
Perir/f/n .) Perianth tubular, coluured, 4- rarely 5-cleft, inferior; 
occasionally with scales in its orifice ; aestivation imbricate. Stamens 
perigynous, definite, often 8, sometimes 4 or 2 and then opposite the 
segments of the perianth ; anthers dithecal, with longitudinal dehis- 
cence. Ovary free, 1-celled; ovule suspended, anatropal (fig. 42G); 
style 1 ; stigma undivided. Fruit either nut-like or drupaceous. 
Seed solitary, pendulous; albumen 0, or thin and fleshy; embryo 
straight ; cotyledons plano-convex, or somewhat lobed and shrivelled ; 
radicle superior. — Shrubby, rarely herbaceous plants, with alternate, 
or opposite, entire, exstipulate leaves. Natives of various parts of the 
world, both in warm and temperate regions. There are two sections 
of the order: — 1. Daphmxe, with hermaphrodite or rarely unisexual 
flowers, and plano-convex cotyledons. 2. Hernandieao, with poly- 
gamous flowers, and lobed and shrivelled cotyledons. Lindley enu- 
merates 38 genera, including 300 species. Examples — Daphne (Tliy- 
melaia), Passerina, Pimelea, Gnidia, Lagetta, Exocarpus, Hernandia, 
I nocarp us. 

1002. The bark of many of the plants is acrid and irritant, the 
fruit is often narcotic. The bark of the root, as well as that of the 
branches of Daphne Mezereum , Mczereon, is used in decoction as a 
diaphoretic in cutaneous and syphilitic aflections. In large doses it 
acts as an irritant poison, causing hypercatharsis; and, when applied 
externally, it acts as a vesicant. It contains a neutral crystalline 
principle called Daphnein. The succulent fruit is also poisonous. The 
barks of Daphne Gnidium, D. alpina , D. Cneorum , D. pontica , and D. 
Laureola , 8 purge- laurel, have similar properties. The benics of 
Daphne Laureola. are poisonous to all animals except birds. The fruit 
of Dirca palustrk % Leather- wood, is said to be narcotic. The bark of 
many of the plants is made into ropes and paper (fig. 101). The inner 
bark of Lagetta lintearia ( Daphne Lagetta ,) when cut into thin pieces 
after maceration, assumes a beautiful net-like appearance, whence it 
has received the name of Lace-bark. The bark, young Iea\es and 
seed of Hernandia, are slightly puigative. The seeds of Inncuipun 
edulis have the taste of chestnuts, and are eaten when roasted. 

1003. Order 156. — Aqmiariacea;, the Aquilaria Family. ( Apet . 
Periggn .) Perianth coriaceous, imbricate or tubular, limb 4-5-lobed ; 
aestivation imbricate. Stamens usually 10 fertile, alternating w r ith lO 
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sterile, in the form of petaloid scales, sometimes 8 or 5 ; filaments in- 
serted into the orifice of the perianth, often united ; anthers dithecal, 
with longitudinal dehiscence. Ovary free, ovate compressed, 2-celled ; 
ovules 2, suspended, anatropal ; stigma usually sessile, large and simple. 
Fruit a pyriform, sessile, or stipitate 2-valved capsule, or drupa- 
ceous and indehiscent. Seeds 2, one on each placenta, pendulous ; 
albumen 0 ; cotyledons fleshy, hemispherical ; radicle straight, superior. 
— Trees, with alternate or opposite, entire, stalked, and -exstipulate 
leaves. They are natives of the tropical regions of Asia. They have 
no known medical properties. Aquilaria ovata and Agallochum fur- 
nish a fragrant wood called Eagle-wood, or Aloes-wood. It is pro- 
bably the o’Vrw, the trees of Aloes or Lign -Aloes, of the Bible, yield- 
ing an aromatic perfume. It has been considered a cordial by some 
Asiatic nations, and has been pi escribed in Europe in gout and rheu- 
matism. There are G genera noticed, including 10 species. Examples 
— Aquilaria, Gyrinopsis. 

1004. Order 157. — the Chailletia Family. ( Apet . 
Perigyn.) Perianth 5-parted, with an incurved valvate &stivation. 
Stamens inserted into the base of the perianth, 5 inner fertile opposite 
the segments of the perianth, 5 outer sterile, petaloid, usually with 
glands at their base; anthers ovate, versatile, dithecal. Ovary free, 
2- 3-celled ; ovules twin, pendulous ; stylos 2-3, distinct or combined; 
stigmas capitate or obscurely 2-lobed. Fruit dry, 1- 2- or 3-celled. 
Seeds solitary, pendulous, exalbuminous ; embryo thick; cotyledons 
fleshy; radicle superior. — Tices or shrubs, with alternate, stipulate 
leaves, and axillary peduncles, often cohering to the petiole. They 
are natives of the warm parts of Africa and South America. The 
fruit of Chailletia toxicatia is said to be poisonous ; it is called Kats- 
bane in Sierra Leone. There are 4 genera, and 10 species known. 
Examples — Chailletia, Tapura. 

1005. Order 158. — Samydacesp, the Sarny da Family. (Apet Peri- 

Perianth 4-5-divided, usually coloured inside ; aestivation some- 
what imbricate. Stamens instated into the tube of the perianth, 
2, 3, or 4 times as many as its divisions, either all fertile, or the alter- 
nate ones sterile, shorter and fringed; filaments inonadelphous at the 
base; anthers erect, ovate, 2-celled. Ovary free, 1-celled; ovules 
00, attached to parietal placentas, semi-anatropal ; style 1, filiform; 
stigma capitate or slightly lobed. Fiuit a coriaceous, unilocular, 3-5- 
valved capsule, partially dehiscent. Seeds ()0, fixed mregularly on the 
pulpy inuer surface of the valves, with a fleshy arillus, and a hollowed 
Inlum; embryo large, in the midst of oily or fleshy albumen; cotyle- 
dons ovate, foliaceous ; radicle pointing to the extremity remote from 
the hilum. — Trees or shrubs, with alternate, simple, stipulate leaves, 
usually having pellucid, round, or linear markings. Natives of tropi- 
cal regions, chiefly in America. Some of the species of Casearia are 
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bitter and astringent. A decoction of the leaves of Casearia Lingua , 
called by the Brazilians Cha de Frade and Lingua de Fin, is also used 
internally in inflammatory disorders and malignant fevers. There 
are 5 known genera, and 80 species. Examples — Samyda, Casearia, 

1006. Order 159. — Homaiiacew, the Homalia Family. (Apet, 
Perigyn.) Perianth funnel-shaped, with 5 to 15 divisions, and having 
usually alternating petaloid segments, and glands or scales in front 
of the outer divisions. Stamens perigynous, either single or in parcels 
of 3 or 6, alternating with the outer divisions of the perianth ; anthers 
dithecal, with longitudinal dehiscence. Ovary partly adherent to the 
tube of the perianth, 1-celled ; ovules numerous, anatropal, pendulous, 
attached to 2, 3, or 5 parietal placentas ; styles 3-5, simple, filiform, 
or subulate. Fruit either baccate or capsular. Seeds small, ovate ; 
embryo in the axis of fleshy albumen ; cotyledons leafy ; radicle 
superior. — Trees or shrubs, with alternate leaves, having deciduous 
stipules. Many look upon the petaloid division of the perianth as 
true petals. Lindley puts this order in his Cactd alliance, and con- 
siders it as allied to Loasacese. It contains tropical plants, which do not 
possess any important properties. Lindley mentions 8 genera, includ- 
ing 30 species. Examples — Ilomalium, Nisa. 

1007. Order 160. — Santninccs** the Sandal-wood Family. (Apet 
Epiyyn ) Perianth superior, 4-5-clcft; aestivation valvate. Stamens 
4-5, opposite the segments of the perianth, and inserted into their 
bases. Ovary coherent, 1-cclled; ovules 1-4, pendulous from the apex 
of a central placenta; style 1 ; stigma often lobed. Fruit nut-like or 
drupaceous. Seed solitary; embryo minute, in the axis of fleshy 
albumen ; radicle superior —Trees, shrubs, or heihs, v.ith alternate or 
nearly opposite exstipulate leaves. Found in vanous parts of the 
world, as Europe, Asia, America, and New Holland. Lindley 
gives 18 genera, including 110 species. Examples — Santalum, Osyris, 
Thesium, 

1008. Some arc astringent, others yield fragrant wood. Santalum 
alhuiii, and other Indian and Polynesian species, yield Sandal-wood, 
which is used both medicinally and as a perfume. The seeds of some 
of the plants of the order are eaten. The species of Thesium seem to 
be root -parasites. The large seeds of Pyrularia oleifera , Buffalo-tree, 
or Oil-nut, yield a fixed oil. 

1009. Order 161. — Ar2«toioriifnoeae* the Birth wort Family. (Apet, 
Epigyn.) Perianth adherent, tubular, 3-cleft (fig. 699), regular or 
sometimes very irregular (fig. 608) ; estivation valvate or induplicate. 
Stamens 6-12, epigynous, distinct or gynandrous (fig. 701). Ovary 
inferior, 3-6-celled (figs. 700. 702) ; ovules 00 (fig. 700), anatropal, 
horizontal; style simple, short ; stigmas radiating, 3-6 (fig. 701 $). 
Fruit dry or succulent, 3-6-colIed (fig. 703). Seeds (fig. 704) numer- 
ous; embryo a cry minute, at the base of fleshy albumen (fig. 705); 
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cotyledons inconspicuous; radicle next the lailpm (fig. 706). — Herbs 
or shrubs, often climbing, with alternate, simple, often stipulate leaves, 
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and solitary axillary flowers. Found in abundance in the warm 
regions of South America, and growing also in the temperate and 
cold regions of Europe, Asia, and America. There are 8 known genera, 
and 130 species. Examples — Asarum, Aristolochia. 

1010. The plants of the order are generally bitter, tonic, and stimu- 
lant. Some are acrid, and act as emetics. The leaves of Asarum 
europccum are used as an acrid emetic under the name of Asarabacca. 

Figs. 698-706.— Organs of fructification of Aristolochia Clcmatitis, to illustrate the natural order 
ArWolochiueoa*. 

rig 698.— Flower entire, consisting of an inferior ovary, ami a eupoiior, Irregular, funnel- 
shaped perianth, o, l’mt of the pci l an th adherent to the ovarv. t. Part ot the tube of the 
perianth, with a swollen poition at the base, enclosing the antheis and stigma, i, Lnnb of the 
jierianth prolonged laterally in a tongue like form 

Fig. 699. — Diagram of the flowei, allow ing thiee divisions of the perianth, six anthers, and six 
cells of the oyaiy. 

ovules. Radi- 
mmit of the ovary. 


Ftg. 702 — Horizontal section of the six-celled ovary. 

Fig. 70S —Ripe fruit Fig. 70k— Angular seed. 

Fig. 705.— Seed cut vertically, t, Integument thickened near the chulaza. jp, Fleshy perl, 
wrm. e. Minute embryo- 

Fig. . 06. — Embryo ieparated, with cotyledons and radicle. 
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The roots appear to have greater activity than the leaves. The 
powdered root and leases enter into the composition of cephalic snuffs, 
which cause sneezing by their irritation, and are used in cases of head- 
ache and ophthalmia. An active crystalline substance, called Asarin, 
exists in tile plant. Asarnm canadense , Wild Ginger, or Canada 
Snake-root, is used as a spice in Canada. .The shrubby species of 
Aristolochia have a peculiar arrangement of vascular bundles in their 
wood. There are no concentric zoues, but a number of separable 
wedges (^[ 90). The name of Rirthwort, given to Aristolochias, 
depends on their supposed action on the uterus. Some of them are 
used as emmenagogues. The root of AristolocMa serpentaria , Virginian 
Snake-root, is a stimulant tonic. The plant is a native of the United 
States. It was formerly used as an antidote to snake-poison. It is 
now employed occasionally as a tonic diaphoretic. Aristolochia longa , 
rotunda , and Clematitis , were celebrated in ancient times as uterine 
remedies. The roots of many of the species have a strong aromatic 
taste. Those of Aristolochia cwguicida are said to stupify snakes. 

1011. Order 1 02. — Ncpcntlin<<sr, the Pitcher-plant Family. ( Apet . 
Didin.) Flowers dioecious. Perianth 4-parted, inferior; aestivation 
imbricated. Male flowers: stamens united in a solid central column ; 
anthers about 10, funning a spherical head, extrorse, and with longi- 
tudinal dehiscence. Female flowers: ovary free, four-cornered, 
4-cel led ; ovules 00; stigma sessile. Fruit a 4-celled, 4-valved 
capsule, with loculicidal dehiscuiee. Feeds 00, ascending, very 
minute, fusiform, with a loose testa; nucleus less than the seed, sus- 
pended by the chalaza; embryo in the midst of fleshy albumen; 
cotyledons plano-convex ; radicle pointing to the lnlum. — Herbs, or 
half-shrubby plants, with alternate leaves, slightly sheathing at the 
base, having a foliaceous petiole, winch forms an ascidium at its 
extremity, and the lamina iu the form of a lid (fig. 184). Natives of 
swampy ground in the. Fast Indies and China. They have no known 
properties. The pitchers have been found to contain a solution of 
binoxalate of potash. Some chemists have detected muriate of soda, 
malic, and other acids in them. Spiral vessels abound in all parts 
of the pitcher plants ; and the woody bundles are without concentric 
zones. Lindley gives 1 genus, and 6 species. Example — Nepenthes. 

1012. Order 1(13. — »aii»cai‘«w, the Datisca Family. (Apet, Didin.) 
Floweri unisexual. Male flowers: perianth 3-4-divided. Stamens 
3-7 ; anthers linear, membranous, dithecal,with longitudinal dehiscence. 
Female flowers: perianth adherent, 3-4-toothed. Ovary inferior, 
unilocular ; ovules 00, anatropal, attached to 3 or 4 parietal placentas ; 
styles as many as the placentas. Fruit a 1 -celled capsule, opening at 
the apex. Seeds 00, stroph: Jate, with a reticulated spermoderm ; al- 
bumen 0 ; embryo straight ; cotyledons very short ; radicle pointing to 
the hilum. — Herbaceous branched plants or trees, with alternate, ex- 
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stipulate leaves. They are scattered over North America, various 
parts of Asia, and the south-eastern part of Europe. Some of the 
plants are said to be bitter, and others of them have purgative quali- 
ties* It has been stated that female plants of Datisca cannabina have 
produced seed without the application of pollen. F^cts are still 
wanting to prove this. • Lindley mentions 3 genera, and 4 species. 
Examples — Datisca, Tetrameles. 

1013. Order 1G4. — Empctrace®» the Crowberry Family. ( Apet . 
Diclin.) Flowers unisexual. Perianth bud -like, consisting of per- 
sistent imbricated scales, in 2 or 4 alternating rows, the inner row 
often petaloid. Male flowers: stamens 2-3, equal in number to the 
scales in each row, and alternating with the innermost, hypogynous ; 
anthers roundibh, dithecal, with longitudinal dehiscence. Female 
flowers: ovary free, seated on a fleshy disk, 3- 6- or 9-celled; ovules 
solitary, anatropal, ascending ; style 1 ; stigma with as many radii as 
there are ovarian cells. Fruit a nuculanium, seated within the per- 
sistent perianth. Seeds solitary in each nucule, ascending ; embryo in 
the axis of fleshy albumen - radicle inferior. — lleath-like shrubs, with 
alternate or somewhat verticillate, evergreen exstipulate leaves. They 
inhabit chiefly Europe and North America. The fruit of some is 
slightly acid. Empetmm nigrum , the black Crowberry, is common on 
the mountainous and northern parts of Europe. The fruit is watery, 
and very slightly acid and astringent. Lindley notices 4 genera, and 
4 species. Examples — Empetrum, Corema. 

1014. Order 1G5. — Euphorbiaccte, the Spurge Family. {Didin.) 
Flowers unisexual, sometimes enclosed within an involucre (fig. 707). 
Perianth lobed, inferior (figs. 314 c, 317 c), with various glandular or 
petaloid, scaly, internal appendages (figs. 314 pa, 405); sometimes the 
flowers are nak^d (fig. 708). Male flowers (fig. 707,///* jm) ; stamens 
definite or 00, distinct (fig. 708) or monadelphous (fig. 3X4, 1), or poly- 
adelphous (fig. 317); anthers bilocular, sometimes with porous dehis- 
cence (fig. 323). Female flowers (figs. 405, 707 //): ovary free, 
sessile or stalked, 1-2-3- or many-celled (fig. 700); ovules solitary or 
twin, suspended ; styles equal in number to the cells (figs. 314,2, 
709 s), distinct or combined, sometimes 0; stigmas several, or 1 with 
several lobes. Fruit usually tricoccous (figs. 447, 453), with the cocci 
separating in an elastic manner, and opening by 2 valves (figs. 710, 
711), or ifedcliiscent and fleshy. Seeds solitary (fig. 712) or m pairs, 
suspended, ofien arillate (fig. 453 g g) ; embryo enclosed in fleshy albu- 
men (fig. 483^); cotyledons flat (fig. 509); radicle superior (fig. 713). 
— Trees, shrubs, and herbs, often abounding in acrid milk, with oppo- 
site or alternate, often stipulate leaves, sometimes none. Some look 
on this order as apetalous, with a tendency to develop a corolla, while 
others consider it polypetalous, with a tendency to have the corolla 
suppreweC In European plants of the order there are usually no 
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petals present, but in those of tropical countries the corolla is fre- 
quently well marked. In the Euphorbias of Britain, there is an evi- 
dent involucre, surrounding a number of achlamydeous male and 



female flowers, which by Linnmus were looked upon as merely stamens 
and pistils, and lienee the plants were put by him in Dodecandnn in 
place of Monoccia (see 401). The flowers in Euphorbiace® vary 
much in the number of their parts, as may be seen in figs. 545-550. 
Sometimes the general peduncle or rachis becomes flattened and leaf- 
like (fig. 229). The inflorescence is occasionally amentaceous, as in 
the division Scepacecn , which is separated, as a distinct but not fully 
defined order, by Lindlcy. The plants of the order abound in warm 
regions, especially in Equinoctial America, where they occur as trees 
or bushes, or lactescent herbs, and often present the appearance of 
Cactuses, from which their milky juice at once distinguishes them. They 
are also found in North America and in Europe. In Britain there are 
18 species. There are about 192 knowm genera, and upwards of 
2,500 species. Examples — Euphorbia, llippomane, Hura, Acalypha, 
Croton, Jatroplia, Ricinus, Phyllanthus, Buxus. 

1015. The plants of this order are acrid and poisonous, in some 
instances furnished with stinging hairs. These properties reside 
especially in their milky juices, which are contained in laiiciferous 

Figs 707-713.— Organs of fructification of Euphoilia palustiis, to illustrate the natiual orcLr 
Euphoihiaee.'e 

lug. 707. — Inflorescence, with the involucre, ? z, opened and spread out, to Rhow the position 
of the male and female flowers which it encloses. 7 7, Glands (glandular lobeO alternatm" 
the divisions of the Involucre b b. Membranous lutninaj, 01 nracts, at the !■■ ■■ ju . ■ > 

//», /in, Achlamydeous male flowers, consisting ol a single stamen, supported on a pciH< el, to 
which it Is attached by an articulation t t , Adilamjdeous female llower in the centre, the 
ovary and styles supported on a long pedicel. 

Fig. 708 —Achlamydeous male tlower separated. 6, Biaet. p. Pedicel. /, Filament articu- 
lated with the pedicel «, Anther. 

lug 700.— Female dower p, Summit of the ppll'Nl wb, ch <w-. i* /• \ flattened portion 
of the pedicel, winch some call a perianth o, r l ■ 1 1,1 < . 1.- m».v . . - ■ ■ ,1 1 stigmas 

Fig 710 —One of the cocci (carpels), c, separated, and seen on its inner smfacc 7, The fined 
.wvned fi.p opni-nn.r i» v which tli e r”-33ishnig vessels enter 

I ■r 71 1 \ ii' p i.ated, after dehiscence and expulsion of the seed 

1 ig /I J — N vl *1 p.ii.i 1 - >' 

I V Tii s. i v ; .•.■.■ally. (, Integument (spermodenn). p, Fcrispum 'fleshy alhuititp). 
* Embryo with Hat cotyledons, and a superior iodide. 
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vessels (fig, 66), in which the movements of Cyclosis were observed by 
Schultz (■jf 262). In many cases the elaborated sap contains caout- 
chouc and resin. The acrid properties of the order are also found in 
the seeds, many of which yield oils, both of a bland and of an irri- 
tating nature. 

1016. The milky juice of many species of Evphorbia is caustic, and 
has been used for destroying warts, and causing vesication. At other 
times the juice has been used for its purgative and emetic properties. 
The root of Euphorbia Ipecacuanha has been employed as a substitute 
for Ipecacuanha. The resinous substance called Euphorbium is pro- 
cured, in all probability, from two African species, Euphorbia ojfici - 
narum and antiquorum , as well as from E. canariensis , a native of the 
Canary islands. The resin is a powerful irritant, and has been used 
as a vesicant It causes great irritation of the mucous membrane 
when applied to the nostrils and eyes, and it acts as a cathartic when 
taken internally. Many species of Euphorbia yield resins of a similar 
nature. The juice of Hippomauc Mancinella y Manchineel, is very acrid 
and poisonous. When applied to the skin, it excites violent inflam- 
mation, followed by ulceration. The juice of Ilura crepitans , Sand- 
box-tree, or Monkey’s dinner bell, is also very acrid. The fruit of 
this tree is composed of numerous 1-seeded cocci, which, when dry, 
separate from each other with great force. Mercurialis perennis, and 
annua , produce vomiting and purging. 

1017. Many important medicinal oils are furnished by the plants 
of this order. Castor-oil is expressed from the seeds of Hicinus com- 
munis (Palma Chiisti), a plant with peltate-palmate leaves (fig. 146), 
which is found native in Greece, Africa, and the East Indies, and is 
cultivated in the West Indies, as well as in North and South America. 
In the temperate and more northern parts of Europe, the plant is a 
herbaceous annual of from three to eight feet high ; in the more 
southern parts it becomes shrubby, and even attains a height of twenty 
feet ; while in India it is often a tree thirty or forty feet high. The 
best oil is got by expression from the seeds without heat, and is called 
cold-drawn Castor-oii. It is entirely soluble in alcohol, and, by the 
action of hyponitrous acid, it is converted into a solid yellow substance 
called Palmin. The oil acts as a mild laxative. Besides this com- 
paratively bland oil, there exists in the seed a powerfully cathartic 
constituent, which remains behind when the oil is expressed, and 
which is destroyed or evaporated under the process of ebullition. 
Croton-oil is obtained by expression from the seeds of Croton Tiglium , 
an Indian and Asiatic shrub. It acts as an irritant purgative in the 
dose of one drop. In large doses it is a dangerous poison. When 
applied externally it produces pustules. Other species of Croton, as 
C. Parana and Roxburghii , yield a purgative oil. The oil procured 
from the seeds of Euphorbia Lathyris , Caper-spurge, has catharLic 
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properties, aSd so has that procured from the seeds of Jatropha 
Chircas ( Curcas purgans), Physic or purging-nut, Jatropha multijida, 
and Hum crepitans. The fatty matter obtained from the seeds of 
Stilingia sebifei'a , the Tallow- tree of China, is used for making candles; 
the plant also yields a bland oil. * The roots of Euphorbia pilosa and 
palmtris are used as purgatives, and are said to have been useful in 
hydrophobia. 

1018. Cascarilla is the bark of Croton Eleuteria , and of other species 
of Croton. It acts as a tonic and stimulant. When burned it gives 
out a musky odour, and is often used in pastilles. The bark of another 
species of Croton ( C '. pseudo-quina) y known by the name of Copalchi 
bark, and used as a tonic. The bark of Buxus sempervirens , Box-tree, 
is said to be alterative, and its leaves have bitter and purgative quali- 
ties. Its wood is much used for wood-engraving. The hard wood 
called African Teak or African Oak is the produce of Oldjieldia 
A fricana . In the root of Jampha Manihot ( Manihot utilissima ), a shrub 
about six feet high, extensively cultivated in tropical countries, there 
is much starchy matter deposited, usually along with a poisonous nar- 
cotic substance, which is said to be hydrocyanic acid. The latter can 
be removed by washing, or it can be driven off by roasting, and then 
the starch is used in the form of Cassava bread. There are two varie- 
ties of the Cassava or Manioc plant ; one (called sometimes Janipha Loe- 
Jiingii) having a spindle-shaped root, brown externally, about six ounces 
in weight, which contains amylaceous matter, without any bitterness, 
and is used as food under the name of Sweet Cassava ; another, called 
Bitter Cassava, having a knotty root, black externally, and sometimes 
30 lbs. in weight, which is bitter and poisonous, and requires to be 
rasped and washed thoroughly before the amylaceous matter can be 
used. From the starch of the bitter Cassava, Tapioca is prepared by 
elutriation and granulating on hot plates. Manihot starch is some- 
times imported into Europe under the name of Brazilian Arrow-root. 
The milky sap of Euphorbia phosphor ea is said to emit a peculiar phos- 
phorescent light. That of Siphonia elastica contains much caoutchouc, 
and supplies the bottle India-rubber. Aleurites lacdfera furnishes 
gum-lac in Ceylon. Crozophora tinctoria supplies a purple dye called 
Turnsole, which becomes blue on the addition of ammonia. The seeds 
of a few species of Aleurites , Anda , and Omphalea are edible. # It is said 
that, in some instances, the elaborated sap has poisonous properties, 
while the ascending sap is innocuous (f 263). A species of Coelebo- 
gyne is stated to have produced perfect seeds without the application 
of pollen (If 501 ). 

1019. Order 1G6. — Urticace®* the Nettle Family. (Apet. DichnA 
Flowers unisexual (fig. 716), hermaphrodite or polygamous, scatteredf, 
or collected into catkins or heads. Perianth usually divided (fig. 
716). Stamens definite, inserted into the perianth; filaments some- 
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times curved in «stivation (fig. 715). Ovary free (fip. 717, 718), 
rarely coherent, 1-2-celled; ovule solitary, erect (fig. 718), or sus- 
pended ; stigmas 1 or 2, simple or bifid (fig. 718). Fruit an inde- 



hiscent nut, surrounded by the peisistcnt pericarp, or a samara, or a 
syconus, or a sorosis (figs. 24 5, 21G, 475). Seed solitary, erect, 
suspended, or pendulous, albuminous, or exalbuminous ; embryo 
straight, or curved, or spiral; radicle superior (figs. 719, 720). — 
Herbs, shrubs, or trees, with alternate, stipulate leaves, which are 
usually hispid or scabrous. This order has been divided into the fol- 
lowing suborders: — 


Ffgs 714-720 —Organs of fructification of Uitica mens, to illustiate tlie liutuiul order Urtf* 
caeca*, section Urt!< e:e 

Fig. 714 — llud of the male flower, viewed from above. 

Fig. 715.— Stamen taken from the bud of the male flower, with the elastic incurvod filament, 
and the anther bent dnw n before dehiscence. 

Fig. 71b — Mule flower expanded, c, Perianth with four division's, e e e e, Four bypogynom 
utamens. thrown back by the elasticity ot the filaments, with the anthei*s buist pr, Aboituv 
nulimcnt of the central pistil 

Fig 717 - Female flowei c, Perianth with four unequal segments, the two exterior ones 
being very small, o, Unilocular ovary. *, Senile stigma 

Fig. 7 i8. — Pistil cut vertically, to show the duecLiuii of the erect ovule, o. p t Paiietes oi the 
ovary, s. Stigma. 

Fig 713— Seed cut vertically, pavnllel to the cntvVdrms f. Integument (spermodrem 
h , H'liuu. p. Pcrisperm e, Kmbryo straight, with the i.uh«*lf* «mpe: .<-i 

He. 720.— Seed cut perpendicularly to the cotylodona t Integument h, IUlum. p , Teil- 
•perm, t, Embryo. 
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1. Urticp®, Nettles (figs. 714-720): rough-leaved plants, often with stinging 

hairs, filaments elastic, and curved in aestivation (fig 715); fruit an indehisoent 
nut; seed erect, albuminous; embryo straight ; juice watery. They are widch 
scattered over the globe, and tnany of them follow the footsteps of man in Iih 
migrations. 

2. C'annabinese, Hemp tribe: scabrous plants with erect filaments; fruit indehisccnt; 

seed suspended, exalbuminous ; embryo hooked or spiral ; juice watery. They 
occur chiefly in temperate regions. 

3. Ulmacese, Elm tribe : rough-leaved trees or shrubs , filaments erect in aestivation : 

fruit 1-2-celled, samaroid or drupaceous; seed pendulous, usually exalbuminous; 
embryo straight or curved; juice watery. Natives of the northern and moun- 
tainous parts of Europe, Asia, and America. 

4. Moreae, Mulberry tribe: usually rough-leaved trees or shrubs; filaments erect in 

aestivation; fruit a sorosis or sy conus (tigs. 24(1, 475); seed solitary, pendulous 
albuminous; embryo hooked ; juice milky. Natives of temperate and tropical 
regions. 

5. Artocarpese, Bread-fruit tribe: trees or shrubs, with leaves often rough; filaments 

generally erect in aestivation ; fruit often a soronis ; seed erect or pendulous, albu- 
minous ; embryo straight ; juice milky. Natives of tropical legions. 

There are between 60 and 70 known genera, and about 600 species. 
Examples — Urtica ; Cannabis, I Iumulus ; Ulmus, Celtis ; Morus, Ficus, 
Dorstenia ; Artocarpus, Antiaris. 

1020. The properties of the order are various. Many yield valu- 
able fibres, others supply important edible fruits, others furnish 
caoutchouc, and others form important forest trees. Various species of 
Urtica , Nettle, such as U. dioka , nrens, pihdifera, stmulam, cremdata , 
and urentissima , have stinging hairs (fig. 86*). The young shoots of 
the common nettle are sometimes used like spinach or greens. Urtica 
cannabina and tcnacissima furnish fibres fit for cordage Bojhmcria 
nivea supplies fibre for the Chinese grass-cloth, and Baltmeria Puya 
gives the Pooah or Puya fibre of Nepal and Sikkim. In Nettles 
and Pellitorics, the elastic filaments turn the anthers back with elas- 
ticity, and cause the scattering of the pollen (^[ 497). Specimens of 
Tree-nettle, Urtica gigantea , were measured by Backhouse in Aus- 
tralia, and found to be 18, 20, and 21 feet in circumference. Their 
sting is very severe, causing violent inflammation. Cannabis sattva is 
the source of the valuable fibre called Hemp. A variety called Can- 
nabis indica is used in India for producing intoxication. It is also 
employed medicinally in the form of extract, as an antispasmodic and 
anodyne, in cases of tetanus and neuralgia. The properties of the 
hemp plant appear to be much modified by climate. The Indian 
variety has a marked resinous varnish, called Churrus, on its leaves. 
What is called Bhang in India, consists of the dried larger leaves and 
fruit, while Gunjah is the whole plant dried after flowering, and the 
Haschisch of the Arabs is composed of the tops and tender parts of the 
plant dried. The strobili of the female plants of Humuhis Lupulns 
constitute hops, the bitterness of which resides in the resinous glandu- 
lar scales surrounding the fruit, and to which the name of Lupulinie 
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glands, or Lupulin, has been applied. The latter naniWs also given 
to the bitter principle of the hops. Hops are employed as a tonic and 
narcotic, in the form of extract, infusion, and tincture. Their tonic 
properties depend on their bitterness. A pillow stuffed with hops is 
a popular means of procuring sleep. The twigs of hops have been used 
to adulterate Sarsaparilla. Several species of Elm are cultivated for 
timber. Ulmvs campestris , English or small-leaved Elm, rarely pro- 
duces fruit in this country. It often attains a height of 70 to 90 
feet, with a diameter of 4 to 5 feet. Its wood is compact and durable 
imder water, and it has been used for sleepers on railways, and for 
wooden pavements. Its inner bark is bitter, mucilaginous, and astrin- 
gent. Ulmus montana , the Mountain, Wych, or Scotch Elm, produces 
fruit freely in this ^ country, but its wood is inferior to that of the 
English Elm. Celtis , the Nettle-tree, or Sugar-berry, has a sweet 
drupaceous fruit. 

1021. The common Fig is the fruit of Ficus Carica. It consists of 
a succulent hollow receptacle, enclosing numerous single-seeded car- 
pels (fig. 246), and is called a sy conus (IT 558). The fruit is demul- 
cent and laxative, and is used for cataplasms. Many other species of 
Ficus yield edible fruits. The plants belonging to the Fig tiibe are 
generally remarkable for the adventitious roots which they send out 
from the stems. One of the most celebrated in this respect is Ficus 
indica, the Banyan (IF 121, 655). Many of the species can live sus- 
pended in the air for a long time. A specimen of Ficus australis has 
grown in this way in the Botanic Garden of Edinburgh for upwards 
of twenty years (% 217). Ficus ( Urostigma) rdigiosa is the Pippul- 
tree, or Sacred Fig of India. F elastica is an Indian tree which sup- 
plies a large quantity of caoutchouc ; so also do Ficus lladida , elliptica , 
and prinoides . Peculiar clusters of raphides are found in the cellular 
tissue of some of them (fig. 39). The milky juice is not in all instances 
bland and innocuous ; it occasionally has acrid qualities. Ficus Syco - 
morus ( Sycomorus antiquoruw') , is pi’obably the Sycamore of the Bible, 
the D^p&p (shikmim) of the Old Testament, and the ffuno/xoge a of the 
New. The wood of the tiee is said to be very durable. Morus nigra 
supplies tbe common black Mulberry, which is an anthocarpous fruit, 
composed of numerous succulent flowers, forming a sorosis (fig. 475).' 
The Mulberry is the <rt»?ca/x/i/o;, or Sycamine-trec of the New Testament. 
Some have considered it as the D^pb * of the Old Testament. The 
white Mulberry, a less esteemed fruit, is tbe produce of Morus alba. 
Both of these mulberries are subacid. Their leaves are the favourite 
food of silk-worms. The root of the white Mulberry is anthelmintic. 
Dorstenias have a slightly concave broad receptacle, bearing numerous 
flowers (fig. 245). I). . Contrayerva , D. Houstoni and D. brasiliensis, 

ie &021 of the Bible is tlie name of some tree or sbmb (perhaps a Poplar), audit is doubt- 

inslated Mulberry-tree. 
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furnish the Contrayerva-root of commerce. The officinal part is the 
root-stock, which is used as a stimulant, tonic, and diaphoretic. 
Broussonetia papyrifera is the Paper-mulberry, so called on account 
of being used in China and Japan in the manufacture of a kind of paper. 
It is called Crape-paper, and is prepared by pounding the bark* 
steeping it in water, then mixing it with glue, and taking it up with 
a mould of Bamboo-screen of the size required. The dye-wood 
called Fustic is the produce of Madura ( Broussonetia ) tinctoria. 

1022. The Artocarpus section is important as regards its uses. 
Artocarpus incisa , the Bread-fruit tree, supplies an amylaceous fruit, 
which furnishes an abundant supply of food in tropical countries. 
The properties of this tree are thus enumerated by Hooker: — The 
fruit serves for food; clothes are made from the 'fibres of the inner 
bark ; the wood is used for building houses and making boats ; the 
male catkins are employed as tinder ; the leaves for table-cloths and 
for wrapping provisions in; and the viscid milky juice affords birdlime. 
A. integvifolia is the Jack or Jaca, the fruit of which attains a large 
size, sometimes weighing thirty pounds, and is inferior in quality to 
the Bread-fruit. In both instances the fruit is a sorosis, consisting of 
numerous flowers on a common axis, which becomes succulent. The 
milky juice of many of the Artocarpus tribe supplies caoutchouc, and 
in some instances it is used as a substitute for milk. This is the case 
with the juice of Galacfodendron utile (perhaps a species of Brosimum ,) 
which is called Palo de Vaca, or the Cow-tree, in Demerara. While 
the juice of some is nutritive, that of others is highly poisonous. Thus 
Antiaris toxica? ia is the source of the famous poison called Bohun- 
Upas, or Upas-Antiar, by the Javanese, and which is said to owe its 
properties to the presence of Strychnia. Another Upas poison, called 
Upas-Tieute, has already been noticed under the order Loganiaceae, as 
being the produce of a species of Strychnos. The wood of Piratinera 
guianenm (probably a species of Brosimum) is called Snake- wood, or 
Letter- wood in Dem< rara, and is used for articles of furniture. Speci- 
mens sent by Dr, Campbell from Demerara have been beautifully 
manufactured in Scotland. The bark of Antiaris saccidora , a gigantic 
tree, having a trunk 18 feet in circumference at the base, is used for 
forming sacks. These bags are formed, by separating the bark entire 
from the wood throughout the whole extent, with the exception of a 
small portion at one end. The wood is then removed from the in- 
terior, a part being left with the bark attached to form the bottom of 
the sack. The tree is common in the jungles near Coorg, and the 
sacks made from it are in general use among the villagers for carrying 
rice. The seeds of many of the Artocarpus tribe are eaten. Brosi - 
mum Alicastrum yields Bread-nuts, which, when boiled or roasted, 
are nutritious and agreeable articles of food. Cecropia pclfata is the 
Trumpet-wood, so called on account of the hollowness of its stem and 



520 CERATOPIlYLLACEiE — POPOSTEMACE^E STILAGINACEuE. 


branches, which are used for wind instruments. The fiFrous bark of 
the tree is used for cordage. By recent writers the suborders Urticese 
and Cannabinem only are included in the order Urticacem. Ulmacese 
constitute an independent order, which has been subdivided into two 
suborders: — 1. Ccltidese, Nettle-trees, with a 1-celled ovary and am- 
phitropal ovules. 2. Ulmeae, true Elms, with a 2-celled ovary and 
anatropal ovules. The plants of the Mulberry and Bread-fruit tribes 
have also been constituted into a separate order, under the title of 
Artocarpaceae, which differs from the true Urtieaceoe chiefly in being 
lactescent, and in their fruit being a sorosis or syconuS. 

1023. Order 107. — Ceratophyiiacc*, the Hornwort Family. (Apet. 
Diclin .) Flowers unisexual. Perianth inferior, 10-1 2 -par ted. Male 
flowers: stamens 12-20; anthers sessile, bilocular. Female flowers: 
ovary free, 1-celled; ovule solitary, pendulous, orthotropal; style 
filiform, oblique; stigma simple. Fruit a 1-celled indehiscent nut, 
terminated by the hardened style. Seed solitary, pendulous, exalbu- 
minous; cotyledons 2, but apparently 4; radicle inferior. — Aquatic 
submersed herbs, with verticillate leaves cut into filiform lobes. They 
are found in ditches in various parts of Europe, Asia, and America. 
The affinities of the order are still obscure. Some authors consider 
it as allied to Lythracete, others to Chenopodiacea^, while Lindley puts 
it in liis Urtical alliance. Its properties are unimportant. There is 
only 1 genus, and about G species. Example — Ceratophyllum. 

1024. Order 1 68.— — Podostcmace®, the Podostemon Family. (Apet. 
Monoclin .) Flowers naked, or with a more or less perfect perianth, 
bursting through an irregularly lacerated spatha. Stamens hypogy- 
nous, definite or indefinite, distinct or monadclphous ; anthers ditheca], 
with longitudinal dehiscence. Ovary free, 2-3-celled ; ovules numer- 
ous, anatropal, attached to a fleshy central placenta; styles or stigmas 
2 or 3. Fruit slightly pedicellate, capsular, 2-3-valved. Seeds 00 ; 
embryo exalbuminous, orthotropal. — Herbaceous, branched, floating 
plants, with capillary, or linear, or lacerated, or minute and imbricated 
leaves. Natives chiefly of South America, and of the islands to the 
east of Africa. They flower and iipen seed under w T ater, and furnish 
salt. The affinities of the order are uncertain. Some authors put 
it among the Monocotyledons. Genera 9, species 25. Examples — * 
Podostemon, Lacis. 

1025. Order 169. — stiinginacew, the Stilago Family. (Apet Diclin,) 
Flowers unisexual. Perianth 2-3- or 5-partite. Male flowers: sta- 
mens 2 or more, arising from a swollen receptacle ; filaments capillary ; 
anthers innate, 2-lobed, with a fleshy connective, and vertical cells 
opening transversely. Female flowers: ovary free, 1-2-celled; ovules 
2, anatropal ; stigma sessile, 3-5-toothed. Fruit drupaceous. Seed 
solitary, , .suspended ; embryo in fleshy albumen; cotyledons leafy; 
radicle 4^>erior. — Trees or shrubs, with alternate, stipulate leaves. 
Natixis chiefly of the East Indies. Some yield edible fruits, others 
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are used as ptttherbs.* The position of this order in the natural system 
is obscure. Lindley places it in the Urtical alliance, others consider 
it as allied to Amentiferse. There are 3 known genera, and about 
20 species. Examples — Stilago, Antidesma. 

► 1026. Order 170. — Monimiacere, the Monimia Family. (A pet 

Diclin.) Flowers unisexual. Perianth somewhat globose, in one or 
more rows, divided at the border. Male flowers : stamens indefinite, 
covering the whole interior of the perianth ; filaments often with 2 
scales at the base ; anthers dithecal, with longitudinal dehiscence. 
Female flowers : ovaries several, superior, enclosed within the tube of 
the perianth, each with 1 style and 1 stigma; ovule solitary, pendu- 
lous, anatropal. Fruit consisting of several achaenia, enclosed within 
the enlarged perianth. Seeds pendulous ; embryo at the end of copious 
fleshy albumen ; radicle superior. — Trees or shrubs, with opposite 
exstipulate leaves. They are natives chiefly *of South America and 
Australia, The bark and leaves are aromatic and fragrant. The 
succulent fruit of some is eaten. There are 8 known genera, and 
about 40 species. Examples — Monimia, Boldoa. 

1027. Order 171. — Aiiierospci-macrsc, the Plume-Nutmeg Family. 
(A pet. Diclin.) Flowers unisexual. Perianth tubular, divided at the 
top into several segments in 2 rows, the inner often petaloid, and 
accompanied in the female flowers with a few scales. Male flowers : 
stamens 00, inserted in the bottom of the perianth ; filaments with 
scales at the base ; anthers 2-celled, with valvular dehiscence. Female 
flowers : ovaries usually 00 ; ovule solitary, erect ; style simple, lateral 
or basilar ; stigmas simple. In some flowers, though rarely, stamens 
and pistils are found, and in that case the stamens are fewer, and arise 
from the orifice of the peiianth. Fruit consisting of achaenia, with 
persistent, ultimately feathery styles, enclosed within the tube of the 
perianth. Seed solitary, erect; embryo small, at the base of soft 
fleshy albumen ; radicle inferior. — Trees, with opposite, exstipulate 
leaves, found in Australia, and in some parts of South America. They 
are generally fragrant. There are 3 known genera, and 4 species, 
according to Lindley. Examples — Atherosperma, Laurelia. 

1028. Order 172. — i^acisiemace*, the- Lacistema Family. ( Apet 
Diclin.') Flowers polygamous. Perianth in several narrow divisions, 
covered by an enlarged bract. Stamen 1, hypogynous ; anther having 
2 cells, which are separated by a thick 2-lobed connective, aod which 
dehisce transversely. Disk fleshy. Ovary superior, 1-celled ; ovules 
several, anatropal, attached to 2-3 parietal placentas ; stigmas 2-3, 
nearly sessile. Fruit a unilocular, 2-3-valved capsule, with loculickhd 
dehiscence. Seed usually, by abortion, solitary, suspended, with a 
fleshy arillus; spermoderm crustaceous ; embryo in fleshy albumen; 
cotyledons flat ; radicle cylindrical, superior. — Small trees or shrubs, 
with simple, alternate, exstipulate leaves, and amentaceous flowers. 

z 2 
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They are natives of the warm parts of America. 4 * Their properties are 
unknown. There are 2 genera, and 6 species. Example— Lacistema. 

1029. Order 173. — Chioranthacew, the Chloranthus Family. 
(Aehlcmyd. Monoclin. or Diclin.) Flowers bisexual or unisexual, with 
a supporting scale. Perianth 0. Stamens definite, lateral, and if* 
more than 1, connate ; anthers monothecal, with longitudinal dehis- 
cence, each adnate to a fleshy connective. Ovary unilocular ; ovule 
solitary, pendulous, orthotropal ; stigma sessile, simple. Fruit drupa- 
ceous, indehiscent. Seed pendulous ; embryo minute, at the apex of 
fleshy albumen ; cotyledons divaricate ; radicle inferior, remote from 
the hilum. — Herbs or undershrubs, with jointed stems, opposite, 
simple, stipulate leaves, sheathing petioles, and spiked flowers. Natives 
of the warm regions of India and America. Some of them, as Chlo- 
ranthus officinalis , are aromatic and fragrant, and have been used as 
stimulants and tonics* There are 3 known genera, and 15 species. 
Example — Chloranthus. 

1030. Order 174 — Saururacrse, the Lizard ’s-tail Family, (Ackla- 
myd.) Flowers bisexual. Perianth 0, a scale or bract supporting the 
flowers. Stamens 3-6, clavate, hypogynous, persistent; filaments 
slender ; anthers 2-celled, continuous with the filament, with a thick 
connective separating the lobes, dehiscence longitudinal. Ovaries 
3-4, distinct, with 1 ascending orthotropal ovule, and a sessile recurved 
stigma, or united so as to form a 3-4-celled pistil, with several ovules 
and 3-4 stigmas. Fruit either consisting of 4 fleshy indehiscent nuts, 
or a 1 -3-4-celled capsule, dehiscing at the apex, and containing a few 
ascending seeds. Seeds with a membranous spermoderm ; embryo 
minute, lying in a fleshy vitellus, outside of hard mealy albumen at 
the apex of the seed. — Herbs growing in marshy places, with alternate, 
stipulate leaves, and spiked flowers. Natives of North America, India, 
and China. Their properties are said to be acrid. There are 4 
known genera, according to Lindley, and 7 species. Examples — 
Saururus, Houttuynia. 

1031. Order 175. — Piperacrw, the Pepper Family. ( Achlamyd .) 
Flowers 5 . Perianth 0, flowers supported on a bract. Stamens 2- 
3-6, arranged on one side or all round the ovary ; anthers 1- or 2- 
eelled, with or without a fleshy connective ; pollen roundish, smooth. 
Ovary solitary, free, 1 -celled ; ovule solitary, erect, orthotropal ; stigma 
simple, sessile, rather oblique. Fruit somewhat fleshy, indehiscent, 
unilocular. Seed erect ; embryo in a fleshy vitellus outside the albu- 
men, and at the apex of the seed. — Shrubs or herbs, with articulated 
steins, leaves opposite (sometimes alternate by abortion of one of the 
pair of leaves), or verticillate, exstipulate or stipulate, and spiked or 
racemose flowers. Natives of the hottest quarters of the globe. 
Common in South America and India. The wood is often arranged 
in wedges, with medullary rays, but without concentric zones. There 
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fire 21 known genera, and upwards of 600 species. Examples — 
Piper, Artanthe, Peperomia. 

1032. The plants of the order have pungent, acrid, and aromatic 
properties. Most of them contain an acrid resin, and a crystalling 
principle called Piperin, in which their active qualities reside. Some 
are narcotic and astringent. The dried fruiting spikes of Piper longum , 
an Indian creeper, constitute Long-pepper. Of late, however, the 
genus Piper has been subdivided, and this kind of pepper has been 
referred to various species of a new genus, C/iavica, viz. C. peepuloides , 
Roxburgh^ , and officinarunu The dried unripe fruit (drupes) of Piper 
nigrum constitute Black-pepper, a climbing plant common in the East 
Indies. The ripe fruit, when deprived of its outer fleshy covering by 
washing, forms the White-pepper of the shops. These peppers are 
hot aromatic condiments, and they are used medicinally as tonic, 
stimulant, febrifuge, and stomachic. The fruit of Piper Cubeba 
( Gubeba officinalis ), a climbing plant of Java and other Indian islands, 
is the medicinal Cubeb-pepper, which is uspd extensively in arresting 
discharges from mucous membranes. It contains a resin, a volatile 
oil which is very active, and a peculiar principle called Cubebin. 
The substance called Matico or Matica, consists of the leaves and 
unripe fruit of Piper angustifolium ( Artanthe elongata.) It possesses 
aromatic, fragrant, and astringent qualities. It has been particularly 
recommended for checking haemorrhage, a property which seems, in 
part, to be a mechanical one, depending on the structure of the leaf, 
which abounds in tannin. The root of Macropiper methysticum is the 
Kava of the South Sea Islanders, which is used by them for preparing 
a stimulating beverage. The leaf of Betel-pepper ( Chavica Betle) is 
chewed with the Areca nut in the East, as a mears#of intoxication. 

1033. Order 176. — Amcntiferoc, the Catkin-bearing Family. (J)ic- 
tin.) Flowers unisexual Male flowers (fig. 721 ) capitate or in catkins 
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Figs. 721-727 —Organs of fructification of Corylus Avellana, the Hazel, to illustrate the natiual 
oitiei Anientifcric, section Cupuhlenr. 

Fig 721 - Male flower separated fiom *he catkin (amentum). «, Scale or bract Dealing the 
stamens, o, with their Uithccal anthers. 

Fig 722.- Female flower, jf, m a very young state, with its involucre, ». 

fig 723 — Female flower more advanced, t, Involucie opened to &how the ovary, o, coveted 
l>3 the penanth, c. #, Two styles. 
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(amenta), (fig. 238,) sometimes with a membranous perianth. Female 
flowers clustered, solitary (fig. 722), or in catkins. Stamens varying 
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from 1 to 20, distinct (fig. 721) or monadelphous ; anthers dithecal (fig. 
72 1 ). Ovary usually simple (fig. 723 o) ; stigmas 1 or more (fig. 723 s). 
Fruit membranous or bony, or drupaceous, indehiscent (fig. 720), or 
dehiscent. Seeds solitary or numerous, erect or pendulous (fig. 724), 
usually exalbuminous ; embryo straight or curved; radicle mostly su- 
perior (fig. 727). — Trees or shrubs, with alternate, stipulate, or exsti- 
pulate leaves. Natives chiefly of temperate climates. The order has 
been divided into the following suborders 

1. Salicinea?, the Willow tribe: flowers naked, or with a membranous cup-like calyx; 

ovules 00, erect, anatropal ; fruit naked, coriaceous, unilocular, 2-valved ; seeds 
comose; embryo erect; radicle inferior; leaves stipulate. E ountt in woods in 
temperate and cold regions. 

2. 'Myricecc, the Gale tribe : acldamydeous flowers ; stamens 2-8 in the axil of a scale ; 

ovary 1-oelled, with hypogynous scales; ovule solitary, erect, orlhotropal; frnit 
drupaceous, often with a waxy secretion, and with fleshy adherent scales ; radie’e 
superior. Natives both of temperate and tropical regions, and found in North 
and South America, in In.lia, and at the Gape of Good Hope. 

3. Casuarineie, the Beef-wood tribe: flowers with bracts; stamen 1 ; ovary 1-celled; 

ovules 1-2 ; fruit consisting of winged acliamia, collected into a cone; seed erect , 
radicle superior. Australian trees or shrubs, with filiform branches, bearing 
membranous toothed sheaths in place of leaves. 

4. Betulinese, the Birch tribe: flowers with biacts, which are sometimes vertieillate ; 

ovary 2-celled; ovules solitary, pendulous, anatropal; fruit membranous, inde- 
hi stent, forming a sort of cone; seeds pendulous; radicle superior; leaves with de- 
ciduous stipules. Natives of temperate and cold regions in Europe, Asia, and 
America, and extending to arctic and antarctic regions. 

6. Balsamifluae (Altingiaceae), the Liquidambar tribe : flowers with vertieillate bracts 
or minute scales ; anthers numerous ; ovary 2-cellcd ; ovules 00, amphitropal ; 
fruit consisting of 2-cellcd capsules, united together so as to form a hard cone ; 
seeds usually numerous, winged, albuminous; radicle superior ; leaves stipulate. 
Balsamic trees, natives of tropical and w r arm regions. 

C. Platane®, the Plane'tribe : flowei s in globose catkins ; stamen 1, with scales ; ovary 
1-celled ; style thick and subulate ; ovules solitary or in pairs ; suspended, ortlio- 

Ffg. 724. —Female flower cat longitudinally, to show the two loculaments with a pendulouj 
ovule In each. 

Fig 725.— Female flower more advanced, c, Perianth s, Styles, 
iig. 726.— Ripe fruit,/, enveloped in its involucre or bracts, i 

Fig 727 —Seed separated, t , Integument, half of which is removed to show the exalbuminous 
embiyo, e. r, 8upeiior radicle. 
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tropal ; fruit consisting of compressed clavate nuts, terminated by a recurved style; 
seeds 1-2, pendulous, albuminous; radicle inferior; leaves palmate or toothed, 
and stipulate. Natives chiefly of temperate regions. 

7. Cupulileric (Corylaceae), the Nut tribe : flowers amentaceous (fig. 238) or aggregate; 
stamens 6-20, attached to scales (fig. 721) or a perianth ; ovary surrounded by a 
Coriaceous involucre (cupula), crowned by tlie remains of a persistent perianth 
(figs. 723, 726), multilocular ; ovules 2 or 1, pendulous; fruit a glans (figs. 257, 
720); seed usually solitary ; radicle superior (fig. 727); leaves stipulate, often 
feather-veined (fig. 13d). Natives of temperate regions chiefly. Some extend to 
warm countries. 

This extensive Amental alliance, with which perhaps the next order 
should be incorporated, embraces 18 known genera, and 600 species. 
The suborders are by some considered as separate orders, and placed 
in various parts of their system of alliances. Examples — Salix, Popu- 
lus ; Myrica ; Casuarina ; Betula, Alnus ; Liquidambar ; Platanus ; 
Corylus, Fagus, Castanea, Qucrcus. 

1034. The Amentaceous order contains trees which yield valuable 
timber, and are extensively cultivated. Many have bitter, tonic, and 
astringent qualities. Some yield resinous and balsamic fluids ; and the 
seeds of some are used as articles of food. The bark of many species 
of Willow, such as Salix Capnva, alba , Russelliana, fragilis, pentandra, 
vitelliria , purpurea , and Helix , yields a neutral crystalline bitter sub- 
stance called Salicin, which is employed as a febrifuge and tonic. The 
bark also possesses astringent qualities from the presence of tannin. 
Salicin assumes a carmine-red tint when moistened with a few drops 
of concentrated sulphuric acid. V arious species of Willows (osiers) 
are used for basket-making, while others are employed in forming 
charcoal. Salix babylonica is the Weeping- willow. Its specific name 
is founded on the supposition, that it was the species on which the 
Israelites hanged their harps by the waters of Babylon. The word 
urrs in the Bible is doubtfully translated Willow. Populus alba is 
commonly called the Abele, while P. tremula is the Aspen, and P./as - 
tigiata and dilatata the Lombardy Poplar. The buds of Populus nigra 
and balsamifera are covered with a resinous exudation, to which the 
name of Tacamahac has been given ; it is said to be diuretic and anti- 
scorbutic. The leaves and bark of some Poplars secrete a saccharine sub- 
stance, which has been termed Populine. Salix arctica and polaris 
extend to the arctic regions, and form the most northern woody plants. 
Salix herbacea , a small creeping Willow, occurs abundantly on the 
Scotch mountains. The downy matter surrounding the seeds of Pop- 
lars and Willows, is used for stuffing pillows and cushions, as well as 
for the manufacture of a kind of paper. 

1035. The species of Myrica are aromatic, and yield resinous and 
oily matter. Myrica Gale is the Gale or Scotch Myrtle, which is com- 
mon in marshy grounds and damp heaths in Britain. The fruit of 
Myrica cerifera , called Wax Myrtley or Bay Myrtle, or Candleberry, 
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yields a greenish-coloured wax, which is used for candles. The dru- 
paceous fruit of some Myricas is eaten. The leaves of Comptonia 
asplenifolia, Sweet Fern, are found by Dr. Murchison to contain pecu- 
liar glands. Resinous matter is also procured from several species of 
Liquidambar , and is known by the name of Liquid Storax. Lfquid- 
ambar styracijlua, orientate , and A ltingia ) are said to be the chief 
sources of this resin or balsam, containing Benzoic acid. The species 
of Casuarina (Cassowary-tree) yield excellent timber, called Beef- 
wood, from its having some resemblance to raw beef. What is called 
the She-oak in Australia, is C. quadrivalvis . In the integument of the 
seeds of Casuarinas there are numerous spiral cells. 

1036. The species of Betula , Birch, have astringent and resinous 
barks. The oil from the bark of the common Birch (Betula alba and 
glutmosa ) gives the peculiar odour to Russia leather. In North 
America the bark of the Canoe Birch (Betula papyracea) is used for 
making boats. A saccharine matter exists in the sap of the Birch. 
Betula lenta is the Black Birch of America, and is called Mountain 
Mahogany on account of the beauty and hardness of its timber. Alnus 
glutinosa , common Alder, grows well on the muddy ground on the 
banks of rivers. Platanus orient alis , the Oriental Plane, has broad 
palmate leaves, resembling the Sycamore, which is often erroneously 
called the Plane in Scotland. Some say that this is the Sycamore of 
the ancients Platanus occidentalism and P. acerifolia , are also culti- 
vated as showy trees, under the name of Planes. 

1037. The Hazel-nut, with its involucral appendage, is the produce 
of Corylus Avellana. The bark of Quercus pedunculata ( Rohm •), the 
common Oak, contains much tannin, and is used as an astnngent. 
Another British species, Q. sessilijlora , having sessile fruit, is said to 
yield the best timber. It is said that, in the wood of Q. pedunculata , 
there are numerous medullary rays (silver-grain), (fig. 99), while in 
that of Q. sessiliflora y Durmast, there are scarcely any visible. There 
is some doubt as to the existence of more than one species in Britain, 
and no permanent characters have been established. Babington men- 
tions three species. It has been stated that 2000 well-grown oaks, 
equal to 3000 loads of timber, are required to build a seventy-four 
gun-ship. The acorns of Quercus Algilops, Valonia or Balonia Oak, 
under the name of Velonia, are used by dyers. Oaks are liable to the 
attacks of insects, whose punctures give rise to the formation of galls. 
These excrescences occur on the buds, bark, and leaves. The medi- 
cinal galls are the produce of Quercus infectoria , a native of Asia Minor, 
and the best are imported from Aleppo. They are caused by punctures 
from the ovipositor of the Diplolepis (Cynips) Gall ce- tin ctorum. Blue 
galls are those which still contain the young insect in their interior, 
while white galls are those from which it has escaped. In medicine 
they are employed as powerful astringents, and in the arts they are* 
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used for dyeing, tanning, and forming ink. The bark (Epiphloeum) of 
Quercus Suber constitutes cork (fig. 100). The bark of Quercus tine - 
toria is called Quercitron, and yields a yellow dye. Quercus Ilex , 
Evergreen Oak, is commonly cultivated in gardens. The Oak, 
of the Bible, is said by some to be Quercus Grammuntia . The Beech- 
tree (Fagus sylvatica ), the Horn-beam (Carpinus Betulus), and the 
Spanish Chestnut ( Castanea vesca ), belong to the Cupuliferous section 
of this order. Fagus Forsteri is the Evergreen Beech of South America, 
found at Terra del Fuego. A species of Beech (F, antarctica) is found 
in the antarctic regions. 

1038. Order 177. — Jngiandacew, the Walnut Family. ( Apet . 
Didin.) Flowers unisexual. Male flowers amentaceous : perianth 
membranous, oblique, irregular Jy-lobed, with a scaly bract. Stamens 
definite or 00 ; filaments short, free ; anthers dithecal, erect. Female 
flowers in terminal clusters, or in loose racemes, with separate or 
united bracts: perianth single or double, the outer 3-5-parted, inner, 
when present, in minute separate pieces. Ovary adherent to the peri- 
anth, 1-celled ; ovule solitary, erect, orthotropal ; styles 1-2, very 
short ; stigmas 2-4, fringed or sessile, discoid and 4-lobed. Fruit a 
drupe, sometimes with an adherent involucre; endocarp bony, 2-valved 
or valveless, 2-4-celled at the base, and 1-celled at the apex, with 
partial dissepiments. Seed exalbuminous, 2-4-lobed, with a mem- 
branaceous testa ; embryo large ; cotyledons fleshy, oily and sinuous ; 
radicle superior. — Trees with alternate, pinnated leaves, having neither 
dots nor stipules. They are chiefly natives of North America. There 
are 4 genera, according to Lindley, and 27 species. Examples — Jug- 
lans, Carya. 

1039. While the plants belonging to this order yield edible oily 
nuts, th^ir bark is often acrid, and there is frequently bitterness and 
astringency in the coverings of their fruit and seed. The seeds of 
Juglans regia , common Walnut, yield a bland oil, which may be used 
as a substitute for olive-oil. Carya alba yields the American Hickory- 
nut. Purgative and resinous properties prevail in some of the plants. 
The timber of many of the trees is valuable. That of the Black Wal- 
nut ( Juglans nigra ) has a fine dark-brown colour when polished. 

1040. Order 178. — Garryacrre, the Garrya Family. (Apet. Didin.) 
Flowers unisexual, amentaceous. Male flowers : perianth of 4 parts. 
Stamens 4, alternate with the segments of the perianth. Female 
flowers : perianth superior, 2-toothed. Ovary unilocular ; ovules 2, 
pendulous on short funiculi; styles 2, Fruit baccate, indehiscent. 
Seeds 2; embryo minute, at the base of fleshy albumen. — North 
American shrubs, with opposes, exstipulate leaves. The male plants 
of Garrya eUiplica are commonly cultivated in shrubberies, and are 
jjrized for their peculiar silky catkins. Lindley associates with this 

order the Ilelwingiacece, which agree in their unisexual flowers, adhe- 
rent fruit, pendulous ovules, minute embryo, at the base of s&Jid 
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albumen. Dr. Hooker refers Helwingia to Araliaceae. There are 2 
known genera, and 6 species. Example — Garrya. 

b. SrOROGENiE OR RnlZANTHAJ. 

Having spore-like seeds with an Acotyledonous embryo . 

1041. Order 179. — RhiEanthese* the Rhizanth or Rhizogen Family. 
(Apet. Diclin.) Flowers usually monoecious or dioecious, sometimes 
§ . Perianth more or less perfect, superior, trimerous, tetramerous or 
pentamerous, sometimes obsolete or 0. Stamens united, often in a 
fleshy column, to which the anthers cohere, dithecal, extrorse, opening 
longitudinally or by pores. Ovary inferior, 1-2-celled; ovules defi- 
nite or Q0. Fruit indehiscent, pulpy, usually unilocular. Seeds 
sometimes solitary and pendulous, at other times 00, and attached to 
parietal placentas ; embryo albuminous or exalbuminous. — Leafless, 
scaly, parasitic plants, having a fungus-like appearance. They are 
never green, but assume a brown, yellow, or purple colour. They are 
composed chiefly of cellular tissue, with a few scalariform and spiral 
vessels. They are often stemless, and sometimes are furnished with a 
creeping rhizome. In their mode of decay they resemble Fungi. Their 
seeds present a peculiar appearance, resembling spores rather than true 
seeds. The nature of their embryo is undetermined, and their place 
in the natural system is still disputed. Lindley has placed them in a 
separate class, intermediate between Thallogens and Endogens. They 
have been divided by him into three distinct orders: — 1. Balano- 
phoracese, male flowers pedicellate; stamens 1-3; filaments and 
anthers both united ; ovule solitary, pendulous ; fruit monospermous. 
2. Cytinacese, flowers in spikes; perianth 3-6-lobed ; anthers sessile 
on a column, dehiscing by slits ; ovules 00, attached to parietal pla- 
centas ; fruit polyspermous. 3. Rafflesiaceoe, flowers sessile, solitary ; 
perianth 5-lobed, with calli in its throat ; anthers attached to a column, 
dehiscing by pores ; ovules 00, attached to parietal placentas ; fruit 
polyspermous. They are natives chiefly of tropical countries, but 
some extend into temperate climates. They are found in the East 
Indies, South America, Cape of Good Hope, and the south of Europe. 
Lindley enumerates 21 genera, and 53 species. Examples — Balano- 
phora, Cynomorium, Cytinus, Rafflesia.* 

1012. Some of the plants are astringent, and have been employed 
as styptics, Cynomorium coccineum , commonly known as Fungus 
melitensis, grows in Malta, and was long celebrated for arresting he- 
morrhage. Cytinus is parasitic on the roots of Cistuses in the south 
of Europe. Cytinus hypocistis is said to contain gallic acid. The species 
of Rafflesia are gigantic parasites, the perianth being sometimes three 
fe<t in diameter, and capable of holding twelve pints of fluid. They 

* Rafflesiace® are more propeily placed near AnsU.locliiaeeic Balanophorucete are epicrynous 
Calyaflorala. and ought, aceortnug to Hooker, to bo placed between llulorageaceee and Gunner* 
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are parasitic on the stems of a species of Cissus, as well as on some 
leguminous plants. R . Patma is employed in Java as an astringent 
anu styptic. Flower of R. Amoldi sometimes weighs more than 14 lbs. 


Section B. — Gymnospekble.* 

1043. Monochlamydeous or Achlamydeous plants, with an Exoge- 
nous structure as regards their stems and organs of vegetation, but 
differing from Exogens in having naked ovules, which are fertilized by 
the direct application of the pollen to the foramen, without the inter- 
vention of stigma, style, and ovary. Their woody tissue is marked 
by the presence 'of disks (figs. 47, 48, 808). They are included in 
Lindley’s class of Gymnogens, and Endlicher’s Gy mnospermous division 
of Acramphibrya. 

1044. Order 180. — Conifer®, the Cone-bearing Family. ( Achlamyd . 
Diclin.) It includes the orders Pinadese, Taxacese, and Gnetacese of 
Lindley. Flowers unisexual. Male flowers monandrous or monadel- 
phous : stamens collected in a deciduous amentum, about a common 
rachis (fig. 728) ; anthers 1-2 or many-lobed, with longitudinal dehis- 
cence, often terminated by a scaly cresU(fig. 729). Female flowers in 
cones (fig. 730), sometimes solitary : ovary none, its place being supplied 
by the lint scales of the cones, arising from the axil of membranous 



bracts (fig. 731) ; ovules naked, usually in pairs on the face of the 
scales (figs. 731, 732 o o), inverted or erect ; style 0 ; stigma 0. Fruit 
a cone (figs. 201, 476, 4# 7), or a solitary naked seed (fig. 442.) Seed 


* Tvjut't, naked, and r* tfu*, seed. 

Figs. 728-734, — Organs of fructification of PinuB sylvestris, Scotch Fir, to illustrate tlie natural 
order Conifers 1 . 

Fig. 728. — Collection of male catkins, c, clustered round a common axis. /, Leaves, ft, Ter- 
minal buds, with young leaves and scaly sheaths. 

Fig. 729. — Male flower, or the two-lobed anther, separated. 

Fig. 730. — Three collections of female flowers, or young cones, c, at the extremity of a branch. 
Fig. 781. — A scale detached from one of these young cones, and seen on the exterior, ft, Bra^t. 
•» 8cale. o o , Summit of the naked ovules. 

2 A 



580 


CONIFER*®, 


with a hard crustaceous integument, sometimes winged (fig. 733) ; 
embryo in the midst of fleshy oily albumen (fig. 734) ; sometimes more 
than one embryo ; cotyledons 2, or many and verticillate (fig. 7345 ; 





radicle next the apex of the seed, organically connected with the albu- 
men. — Trees or shrubs, with branched, usually resinous trunks, the 
wood marked with circular disks (figs. 47, 48, 808), the leaves usually 
narrow, rigid or acerose, entire (fig. 147), sometimes fascicled, and 
with a scaly sheath at their base (fig. 728 b). They are found in 
various parts of the world, botfy in cold and hot regions. They abound 
in the temperate regions of Europe and America, and many occur in 
Australasia. Four genera of Conifer®, Araucaria , Phyllocladus , 
Microcaclirys , and Arthrotaxis , are peculiar to the southern hemisphere. 
The following attain their maximum to the south of the tropics, — Cal- 
Utris , Podocarpus , and Dacrydiurru Dammara has one species in each 
hemisphere. 

1045. The order is a very extensive one, and has been divided into 
the following suborders : — 

1. Abietinese, the Fir and Spruce tribe : fertile flowers in cones, with 1 or 2 inverted 
ovules at the base of each scale; embryo in the axis of fleshy and oily albumen, 
di- or poly-cotyledonous. Under this tribe are included the following sections and 
sub-sections : — 

A. Scales 2-seeded, seeds adnate to the scale, and at length separating from it ; 
anthers bilocular. 

a . Scales with a thickened apophysis, which is either entire or dimidiate. 

Pinus , — Leaves in twos, threes, fours, or fives. 

b. Scales without an apophysis. 


Fig. 732.— Scale of a young cone seen on the inride, r. The scale, t, The point by which it is 
attached to the axis of the cone, o v , The two naked invei ted ovules, tn, Their upper opening 
or foramen to which the pollen is applied. The foramen was iormeily described erroneously as a 

stigma. 

Fig. 733. —A scale from a mature cono. e, Tho scale, i, Point of insertion, g, One of the 
wlngedlj&eds; tbe other having been removed. 

FUg. 2#^ —The seed cut longitudinally a. Base of the wing. (, Integument, p , Perisperm 
(aibjpp.n). e, Poiy cotyledonous embryo. Near the radicle are the remains ot two other abortive 
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* Leaves solitary. 

Abies . — Scales deciduous, leaves flat. 

Picecu — Scales persistent, leaves tetragonous. 

Tsuga . — Scales persistent, leaves flat. 

• * Leaves fasciculated. 

Larix . — Leaves flat, annual. 

Cedrus. — Leaves tetragonous, perennial. 

B. Scales I-seeded, seed adnate to the scale, and not separating from it, anthers 
null til ocular. . 

Araucaria ( Eutassa and AUingia). 

C* Scales 1- or many-seeded, seeds free, anthers bi- tri- or multi-locular. 
DammarcL — Anthers multilocular. 

Cunninghamia. — Anthers trilocuiar. 

Arthrotaxis — Anthers bilocular. 

t Cupressinete, the Cypress tribe : ovules erect ; fruit an indurated cone (fig. 477), or 
fleshy, with the scales connected, forming a galbulus (fig. 478) ; embryo di- or 
poly-cotyledonous. Examples — Cupressus, Juniperus, Thuja, Taxodium, 

Cryptomeria, Callitris. 

8. Taxman, the Yew tribe : anthers usually bilocular, with longitudinal dehiscence : 
fertile flowers, solitary, terminal ; ovule solitary, sessile in the centre of a fleshy 
disk, when in fruit forming a sort of drape (lig. 412) ; embryo dicotyledonous. 
Examples — Taxus, Podocarpus, Dacrydium, Phyllocladus, Salisburia. 

4. Gnetaceae, the Joint-fir tribe : male flowers with a perianth, anthers uni- or quadri- 
locular, opening by a short cleft ; ovules with a projecting process formed from 
the intimate covering of the nucleus ; seed solitary ; embryo with a long spirally- 
twisted funiculus; stems jointed; zones of wood, often separated by marked 
cellular circles (fig. 104). Examples — Gnetum, Ephedra. 

The order embraces 31 known genera, and 165 species, according to 
Lindley. Zuccarini enumerates 208 species of Conifer®, — in the nor- 
thern hemisphere, 165, and in the southern, 51 ; some species being 
common to both hemispheres. 

1046. The plants of this order furnish valuable timber, and yield 
various important products, such as turpentine, pitch, and resin. The 
various kinds of Pine, Fir, Spruce, and Cedar, belong to this family. 
Eutassa (. Araucaria ) excelsa is the Norfolk-island Pine, famed for its 
size and for its wood. Cedrus Libani is the Cedar of Lebanon, the 
of the Bible, while Cedrus Deodara is the Deodar or Himalayan Cedar. 
By exudation, and partly by the aid of heat, the plants of this order 
yield various kinds of turpentine, resin, tar, and pitch. Common 
turpentine is procured from Pinus sylvtstiis, the Scotch Fir, Pinus 
Pinaster , the Cluster-Pine, and var. maritima, Bourdeaux Pine, Pinus 
palustris , Swamp Pine, and ltx inus Tceda y Frankincense Pine. Oil 
of turpentine is obtained from it by distillation. Venice turpentine 
and Strasburg turpentine are the produce of Abies Picea {Abies or 
Pieea pectinata) } the Silver Fir, and Larix europaa, the Larch ; while 
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Canada Balsam is collected from Alies or Picea balsamea , Balm of 
Gilead Fir, and A . canadensis , Hemlock Spruce. Dammara australis , 
the Kawrie-tree of New Zealand, yields a hard resin, and so does D. 
orientalis , the Amboyna Pitch-tree. Callitris quadrivalvis £ Thuja 
articulata), the Arar-tree, supplies a solid resin called Sandarach or 
Pounce, which is used to strew over manuscripts. Thus, or Common 
Frankincense, and Burgundy-pitch, are yielded by Abies exceha , 
Norway Spruce Fir. Finns Pwnilio gives Hungarian balsam, Firms 
pinea, the Stone Pine, is the source of Carpathian balsam. Essence 
of Spruce, used in making Spruce-beer, is got by boiling in waier the 
leaves of the Scotch Fir (Finus sylvestris ), the Black Spruce (Abies 
nigra), and other species. A kind of Manna is procured from the 
Larch and from the Cedar of Lebanon. The Bark-bread of the Nor- 
wegians is prepared from the inner bark of Finus sylvestris. These 
various kinds of resin and pitch are used for stimulating and healing 
plasters, while the oil of turpentine (oleum terebinthince) is employed 
medicinally as a stimulant, diuretic, cathartic, and anthelmintic. The 
vapour of tar has been recommended in affections of the chest. The 
succulent cones (fig. 478) (commonly called berries) of Juniperus 
communis , Common Juniper, and the oil procured from them, are used 
medicinally as diuretics. The oil enters into the composition of the 
spirituous liquor called Hollands. The young branches and leaves of 
Juniperus Sabina , Savin, contain an active volatile oil, which is used 
as an anthelmintic and emmenagogue. In large doses it acts as a 
violent irritant poison. The wood of Juniperus Bermudiana furnishes 
Pencil Cedar. J. Virginiana , the Bed Cedar, yields a rubefacient oil. 
Thuja occidentalis is the common Arbor-vita3 of gardens. Thuja 
orientalis is also in cultivation. Cupressus sempervirens , common 
Cypress, yields a durable wood, which is supposed to be the Gopher- 
wood, -vp of the Bible. Podocarpus Totarra and Dacrydium taxifolium , 
both supply good timber in New Zealand. Taxus baccata , the Yew, 
is a valuable timber tree. It yields resin, and its leaves and seeds are 
said to be narcotico-acrid. Salisburia has remarkable cuneate leaves, 
and the fruit of S. adiantifolia, the Ginko, is said to be eatable. 
Gnctum urens has singular stinging hairs within the episperm or outer 
integument of the seed. 

1047. Order 181. — Cycadarear, the Cycas Family. ( Achlamyd . 
Didiri.) Flowers unisexual. Males collected into cones, the scales 
bearing on their lower surface 1-celled anthers, which are united 
often in sets of two, three, or four. Females consisting of naked 
ovules, placed at the base of flat scales, or beneath peltate ones, or 
seated on the margins of altered leaves. Seeds hard and nut-like, 
sometimes with an external spongy coat ; embryos 1 or 2, suspended 
in a central cavity ; albumen fleshy or mealy ; cotyledons unequal ; 
radicle superior, having a long cord-like prolongation by which the 
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embryo is suspended. — Trees or shrubs, with cylindrical trunks, 
usually simple, sometimes dichotomous, marked with the scars of the 
leaves, and in many respects having the aspect of Palms (fig, 8" 7). The 
internal structure is more or less distinctly that of dicotyledons. Pitted 
tissue and spiral vessels occur. The leaves are pinnate, and their ver- 
nation is circinate, thus resembling ferns. The plants of this order are 
found in the temperate and warm regions of America and Asia, as well 
as at the Cape of Good Hope. There are 6 genera, according to Lind- 
ley, and 45 species. Examples — Cycas (fig. 817), Zamia (fig. 8 1 8 ). 
Dion, Encephalartos, Macrozamia. 

1048. The Cycadaceous family yields much starchy matter, along 
with mucilage. From the stems of Cycas revoluta and circinalia , a 
kind of Sago is made. A clear insipid mucilage also exudes from 
them, which hardens into a transparent gum resembling tragacanth. 
Dion edule yields a kind of arrow-root in Mexico. Zamia pumila , 
and other species in the West Indies, supply an amylaceous matter 
which has been sold as Arrow-root. The Bread-tree is a name 
applied by the Hottentots to various species of Encephalartos . 

Class II. — Mosocotyledones, Jusb. Endogenic, DC. Endogens and Dic- 
tyogens, Lindl. Ami'HIBKYa, EndX. 

1049. In this great class the plants have a cellular and vascular 
system, the latter consisting partly of elastic spiral vessels (fig. 51). 
The woody stem (as in Palms, fig. 115, 1) is usually more or less 
cylindrical, simple, and unbranchecL There is no true separable bark, 
no concentric zones, and no true pith (figs. 112, 113). The wood is 
endogenous, i.e. increases by additions, which first tend towards the 
centre, and then curve outwards in an interlacing manner (fig. 114, 2) 
towards the circumference, where much hard ligneous matter is de- 
posited, so as to make the exterior the hardest part (figs. 826, 827). 
The development of the stem usually takes place by a single central 
and terminal bud; occasionally lateral buds are produced (fig. 115, 2), 
and at times the stem is hollow. The leaves are parallel-veined (figs. 
135, 173, 194), except in the subclass Dictyogens, where a kind of 
reticulation is visible. The parts of the flower are arranged in a ternary 
manner (fig. 538), and they are often petaloid (fig. 260), sometimes 
scaly or glumaeeous. The ovules are contained in an ovary, and are 
fertilized by the application of the pollen to the stigma. The embryo 
has one cotyledon (fig. 504), and the germination is endorhizal 
(fig. 527). 


Subclas" 1 . — Dictyogenje.* 

1050. Leaves reticulated, often articulated with the stem, branches 

* a ml, and to produce. 
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having the usual structure of Endogens, rhizomes or underground stems 
having the woody matter disposed in a compact circle, or in wedges 
containing central cellular tissue, and often showing medullary processes. 

1051. Order 182. — i>i©scoreace*e* the Yam tribe. ( Mono-e^gyn .) 
Flowers unisexual. Perianth in 6 divisions, adherent. $ . Stamens 
6, inserted into the base of the perianth ; anthers introrse, with longi- 
tudinal dehiscence. $. Ovary inferior, 3-celled; ovules 1-2, ana- 
tropal ; style bifid ; stigmas undivided. Fruit a compressed trilocular 
capsule, with 2 cells, sometimes abortive, occasionally fleshy and inde- 
hiscent. Seeds compressed, winged or wingless, in the succulent fruit, 
ovate ; embryo small, near the hilum, lying in a large cavity of carti- 
laginous albumen. — Twining shrubs, with large epigeal or hypogeal 
tubers, alternate, sometimes opposite, reticulated leaves, and small, 
spiked, bracteated flowers. Natives chiefly of tropical countries; a 
few only found in temperate regions. There are 6 genera, according 
to Lindley, and 110 species. Examples — Dioscorea, Tamus. 

1052. Although farinaceous matter exists in the tubers of many 
species, yet there is a prevalent acridity throughout the order. Various 
species of Dioscorea , as D. alata , saliva , and aculeata produce the tubers 
called Yams, which are used in warm countries as a substitute for the 
potato. Testudinaria Elephantipes is the Tortoise plant of the Cape, or 
Elephant’s-foot, so called on account of its peculiar shortened and 
thickened stem (IT 92). Tamus communis, Black Bryony, is common 
in hedges in England. It produces red succulent fruit, and has a large 
root, which is acrid. This acridity does not extend to the young 
suckers, which may be eaten with impunity. The acridity of the order 
sometimes manifests itself in purgative qualities. 

1053. Order 183. — Smilaceae, the Sarsaparilla Family. ( Mono - 
periyyn .) Flowers bisexual or polygamous. Perianth petaloid, 6- 
parted. Stamens 6, inserted into the base of the perianth, rarely 
hypogynous. Ovary free, 3-celled ; cells uni- or multi-ovulate ; ovules 
orthotropal; styles usually 3-cleft; stigmas 3. Fruit globular and 
succulent. Seeds with fleshy, cartilaginous albumen ; embryo very 
small ; usually distant from the hilum. — Herbs or undershrubs, often 
climbing, with netted-veined leaves. Natives of the temperate and 
tropical regions of Asia and America. There are 4 or 5 known genera, 
and upwards of 120 species. Examples — Smilax, Philesia. 

1054. Mucilaginous and demulcent properties prevail throughout 
the order. The root of various species of Smilax constitutes the Sar- 
saparilla or Sarza of the pharmacopoeias, Linnaeus considered Smilax 
Sarsaparilla , a native of the United States, as the plant which furnished 
Sarsaparilla, but recent observers state that this is not the case. The 
following are enumerated as sources whence Sarsaparilla of various 
kinds is derived. 
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1. Smilax officinalis, found in woods near the Rio Magdalena in Columbia. It 

furnishes Jamaica Sarza, which is the best in the market. 

2. Smilax medica, native of the Mexican Andes. It is thought to famish Vera 

Cruz Sarza. 

8. Smilax syphilitica, found in Brazilian Guiana. It in part supplies Brazil and 
^Lisbon Sarza, 

4. Smilax oordato-ovata, a Brazilian species, Brazil Sarza in part. 

5. Smilax papyracea, a Brazilian species. Brazil and Lisbon Sarza in part. 

6. Smilax Brasiliensis, a Brazilian species. Brazil Sarza. 

7. Smilax, sp. ? from Angostura, supplies Rio Negro Sarza. 

8. Smilax, sp. ? from Honduras, supplies Honduras Sarza. 

Mr. H. Scott says that the source of Red Sarza is S. paraguensis , 
which includes S. papyracea , Brasiliensis, and officinalis. Besides 
these species, there are others which furnish substitutes, viz : — 

9. Smilax Purhampuy, a Peruvian species. 

10. Smilax excelsa and aspera, are used as substitutes in Europe. 

11. Smilax Zeylanica, glabra, perfoliata, and leucophylla, in Asia. 

12. Smilax China, a Chinese plant yielding China-root. 

13. Smilax Pseudo-China, from the United States. 

The officinal part is the roots which come off from the rhizomes. The 
roots are mucilaginous, bitterish, and slightly acrid. They contain 
mucilage, starch, oil, resin, and a crystalline principle called Pariglin 
or Smilacin. Sarsaparilla is used in decoction and infusion, as a tonic 
and alterative, in cachectic and syphilitic cases. 

1055. Order 184. — Trimark, the Trillium Family. ( Mono-peri - 
gyn.) Flowers usually bisexual. Perianth in C, sometimes 8 divisions, 
coloured or herbaceous. Stamens 6, 8, or 10; filaments subulate; 
anthers linear, with a prolonged connective. Ovary free, 3- 4- or 

5- celled ; styles as many, distinct ; ovules 00, anatropal. Fruit suc- 
culent, 3- 4- or 5-celled. Seeds 00 ; embryo minute, in fleshy albu- 
men. — Natives of the temperate parts of Europe, Asia, and America. 
Some of them are more or less acrid, others are narcotic. The rhizome 
of Trillium cemuum is used as an emetic. The juice of the berries 
mixed with alum gives a blue colouring matter. Paris quadrifolia , 
Herb Paris, is narcotic. There are about 10 known genera, and up- 
wards of 60 species. Examples — Trillium, Paris, Triuris? 

Subclass 2 .— PetaloidEjE. 

1056. Flowers having usually a perianth consisting either of verticil- 
late leaves, which may sometimes be separated into calyx and corolla, 
and are often coloured (petaloid), or of a few whorled scales. Occa- 
sionally the perianth is abortive. 

a. Perianth adherent , Ovary inferior , Flowers usually hermaphrodite . 

1057. Order 185. — Hydr#cnaritiace®, the Frog-bit Family. (Mona- 
epigyn.) Flowers spathaceous, unisexual, rarely g . Perianth with a 

6- partite limb, the 3 outer segments herbaceous, and equivalent to the 
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calyx, the 8 inner petaloid, and equivalent to the corolla. Stamens 
definite or indefinite, epigynous. Ovary adherent, 1 or many-celled ; 
ovules 00, anatropal, frequently attached to parietal placentas ; stigmas 
8-6. Fruit dry or succulent, indehiscent, uni- or multilocular. Seeds 
numerous, exalbuminous ; embryo straight, radicle remote from the 
hilum. — Floating or aquatic plants, with parallel-veined leaves, some- 
times spiny. Chiefly found in Europe, Asia, and North America. 
The plants of this order are not remarkable for their properties. 
Some are mucilaginous and astringent. Vallisneria spiralis (fig. 228) 
is a dioecious plant, the male flowers of which, at the time of flower- 
ing, are said to be detached from the mud of the water in which 
they grow, auJ to float on the surface. At the same time the female 
flower develops a long spiral peduncle, by means of which it reaches 
the surface of the water, so as to allow the application of the pollen 
(If 496). The order has been divided into two sections: — 1. Vallis- 
neriese, ovary 1-celled. 2. Stratioteae, ovary many-celled. There are 
12 known genera, according to Lindley, including 20 species. Ex- 
amples — Vallisneria, Udora, Anacharis, Stratiotes, Hydrocharis. 

1058. Order 18G. — Orchidncese, the Orchis Family. ( Mono-epigyn .) 
Flowers bisexual. Perianth adherent, herbaceous, or coloured, with 
a 6-partite limb (fig. 736 pe, pi ), the segments being arranged in 2 
rows ; exterior row (fig. 735 ce ), called the calyx (although Lindley 
says it is more properly the corolla, the true calyx or caly cuius being 
usually abortive), consisting of 3 segments (rarely 2 by adhesion), the 
odd one of which is often next the axis by a twisting of the ovary ; 
interior row (fig. 735 ci ), called the corolla (regarded by Lindley as 
petaloid stamens), consisting usually of 3 segments (very rarely 1), the 
odd one of which is called the labellum or lip. This labellum (figs. 735, 
736, 737 l) frequently differs from the other divisions of the perianth, 
assuming remarkable forms, being lobed, spurred at the base, or 
furnished with peculiar appendages, which are sometimes derived from 
the stigma. It is sometimes divided by contraction, so as to exhibit 
three distinct portions, the lowest being the hypochilium (vko, under, 
and lip) ; the middle, mesochilium (fcioogy middle) ; and the 

upper, the epichilium (M, upon or above). Stamens 3, epigynous, 
united in a central column along with the style ; the two lateral sta- 
mens are usually abortive (figs 736 ss) y the central one opposite the 
odd exterior segment being fertile (fig. 736 e) ; but at times the two 
lateral are fertile, and the central one is abortive ; anthers 1-2-4-celled 
(fig. 738) ; pollen powdery or cohering in definite (fig. 744) or inde- 
finite waxy masses (pollinia) (figs. 739, 743), which often adhere by 
a caudicle (fig. 743 c) to a gland connected with the beak (rostellum) 
of the stigma. This gland is sometimes naked, at other times in a sac 
or pouch (bursicula). Ovary adherent, 1-celled (fig. 740), composed 
of 6 carpels, of which 3 only are placentiferous (Lindley) ; style incor- 
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porated with the column (gynostemium, yvri, pistil, and trtiftw, sta- 
men) ; stigmas a viscid hollow space in front of the column (fig. 737 s), 




Figs. 735-741 —Flower of Spirantlies autumnalis, to illustrate tho natural order Orclmlaeerc. 

Fig. lAo .— Flower atter the ovaiy haa twisted on itself, seen laterally, o, Ovui v with tha 
adherent pei ianth. cf, Outer divisions of the penantli, called by some calyx, and by Lindlcy 
corolla, c t. Inner divisions of the perianth, called by some the corolla, and cons'deied ty 
Lindley as petaloid stamens. /, The labellum or lip, being the lower of the three inner seg- 
ments. 

Fig. 736. — Diagram of the flower in the young state, before the twisting of the ovary lias 
taken place, a , The axis of the spike of flowers, jx.pe, pe , Outer penantli. ;>/, pi, Two divi- 
sions of the inner perianth. J, Third division of the inner penantli, in this state placed next 
the axis, e, Fertile anther, t s, Two abortive anthers 01 staminodia. o, Ovaiy. 

Fig 737.— Summit of the flower cut vertically, o, Adherent ovary with parietal ovules, g. 
i, Labellum or lip. s. Stigma, a, Anther. 

Fig. 738.— Anther separated Its inner surface shown with its two cells. 

Fig. 739.— Granular pollen-masses taken from the anther. 

Fig. 740.— Horizontal section of the ovary, with three parietal placentas beating numerous 
ovules. 

Fig. 741.— A seed separated, with its external reticulated integument, t 

Fig. 742.— Embryo of Aceras anthropophora deprived of its integuments. 

Fig. 743.— Pollen-masses (Pollima) of Orclns maculata, with the grams united in little conical 
masses c, Caudicle terminated by the retinaculum and glands. 

Fig. 744.— The conical masses which tho pollen -grains form by their cohesion. 
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communicating directly with the ovary by an open canal. The upper 
part of the united stigmas is often extended into a beak-like process 
(rostellum). Placentas 3, parietal (figs, 457, 740). Fruit a capsule, 
opening by 3 or 6 valves, rarely fleshy, and indehiscent. Seeds 00, 
very minute, with a loose reticulated spermoderm (fig. 741), exalbu- 
miaous ; embryo solid, fleshy (fig. 742) ; large radicle next the hiluni. — 
Perennial herbs or shrubs, with fibrous or tubercular roots (fig. 121), 
either no stem or a pseudo-bulb, entire parallel-veined often sheathing 
leaves, and generally showy, attractive flowers. Sometimes buds are 
produced on the margins of the leaves (fig. 214). They are natives of 
almost all parts of the world, but they abound in moist tropical regions. 
They are not found in the arctic regions, nor in very dry climates. 
Some are terrestrial, and others are epiphytic. The former are com- 
monly seen in temperate climates, the latter in warm regions. Disa 
grandi flora is found on Table Mountain at an elevation of 3,582 feet 
The only known locality for it is in a marshy hollow, near the eastern 
extremity of the summit, where it is abundant among rushes on the 
margins of small pools and streamlets in a black boggy soil. Two rare 
species of Disa are also seen there, D. Jcrrvginea and tenuifolia. Onci- 
dium nubigermm is found on the Andes, near Quito, at an elevation of 
14,000 feet above the level of the sea. Epidendrum frigidum occurs 
in Columbia at an elevation of 12,000 to 13,000 feet (mean tempera- 
ture 46°), and is covered with a sort of varnish. Lindley enumerates 
396 genera, including about 3000 species; of these, 16 genera and 
40 species are British. Examples — Stclis, Liparis, Dendrobium, 
Epidendrum, Vanda, Orchis, Ophrys, Arcthusa, Neottia. 

1059. The plants of this order are well distinguished by the pecu- 
liar forms of their flowers, their remarkable lip, gynandrous stamens, 
and pollen-masses. Their flowers often resemble insects, as butter- 
flies, moths, bees, flies, and spiders; or birds, as doves and eagles; 
or reptiles, as snakes, lizards, and frogs. The colour* and spots on 
the perianth sometimes give the appearance of the skins of quadrupeds, 
as the leopard and tiger. These resemblances are often indicated iu 
the generic and specific names. The label lum, in some instances, dis- 
plays peculiar irritability (If 665). 

. 1060. Mucilaginous properties occur in many of the plants of this 
order. Some are aromatic and fragrant; others are antispasmodic 
and tonic. The tuberous roots of some yield a nutritious substance 
called Salep, which consists chiefly of bassorin, some soluble gum, and 
a little starch. The orchid yielding it is not well known ; some say 
that it is Orchis mascula , others O. papMonacea, Mono and militar t?, 
others Eulophia vera and campestris „ Salep forms an article of diet 
fitted for convalescents, when boiled with water or milk. The roots 
of Apleclrum hyemale contain a very glutinous matter, and hence the 
plant is called in America Putty -wort. The fleshy pod-like fruit of 
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Vanilla planifolta , and V . aromatka , constitutes the substance called 
Vanilla, which is used in confectionery, and in flavouring chocolate. 
It contains an oil and much benzoic acid. A kind of Vanille called 
Chica in Panama is procured from a species of Sobralia . A blue colour- 
ing matter has been found in some of the orchids. The odour of many 
of them is very fragrant ; sometimes it is oppressive ; at other times, 
as in Malackadenia clavata , it is very fetid, resembling carrion, 

1061. Order 187. — Zinglberace*, or gcitamiBeie, the Ginger 
Family. ( Mono-epigyn .) Perianth superior, in 2 whorls ; outer (calyx) 
tubular, 3-lobed, short ; inner (corolla) tubular, elongated, 3-parted, 
segments nearly equal. Stamens in 2 whorls ; outer sterile, petaloid, 
having the appearance of a 3-pafted corolline whorl, with the inter- 
mediate segment (labellum) larger than the rest, and often 3-lobed, 
sometimes the lateral segments are inconspicuous or nearly abortive ; 
inner stamens 3, the two lateral being abortive, the intermediate one 
opposite the labellum, fertile ; filament not petaloid, often prolonged 
beyond the anther ; anther 2-celled, dehiscing longitudinally. Ovary 
3 -celled, or imperfectly so; ovules several, anatropal, attached to a 
placenta in the axis ; style filiform ; stigma dilated, hollow. Fruit 
usually* a 3-celled capsule, sometimes baccate. Seeds roundish or 
angular, sometimes with an arillus ; embryo enclosed in a vitellus 
(the remains of the embryo-sac), surrounded by farinaceous albumen, 
which is deficient near the hilum. — Herbs with a creeping rhizome, 
and simple sheathing leaves, having parallel veins proceeding from the 
midrib to the margin. The flowers arise from membranous spa- 
thaceous bracts. Natives of tropical countries. By far the greater 
number inhabit various parts of the East Indies; some are found in 
Africa, and a few in America. They form a part of the singular Flora 
of Japan. Bindley mentions 29 genera, and 247 species. Examples 
— Zingiber, Curcuma, Amomum, Hedychium, Renealmia. 

1062. Plants often with showy flowers, having aromatic stimulant 
properties, which reside chiefly in their rhizome or root, and in their 
seeds. Some yield starchy matter. The rhizome of Zingiber officinale 
( Amomum Zingiber ), constitutes the Ginger of commerce, which is im- 
ported from the East and West Indies. In the young state the 
rhizomes are fleshy and slightly aromatic, and they are then used as 
preserves ; while in a more advanced state, the aroma is fully deve- 
loped, their texture is more woody, and they are then fit for ordinaiy 
ginger. When dried, after immersion in hot water, they form Black 
ginger; when simply dried in the sun, after being cleaned, they 
receive the name of White ginger. The rhizome contains an acrid 
resin and volatile oil, starch and gum. It is used as a tonic and car- 
minative, in the form of powder, syrup, and tincture. Curcuma longa^ 
a native of Eastern Asia, furnishes Turmeric. This consists of the 
branches of the rhizome, or root-stock. Its powder is lemon-yellow, 
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and it is twed as a dyestuff. It contains starch, aft acrid volatile oil, 
and a yellow colouring matter called Curcumin. It is employed medi- 
cinally as an aromatic carminative, and, as a condiment, it enters into 
the composition of curry-powder. The root-stocks of Alpinia race - 
mosa, and A. Galanga , Galangale, and many other plants of the order, 
have the same properties as ginger. They have been used by the 
Indian doctors in cases of dyspepsia and in the treatment of coughs. 
Various species of Amomum , Elettaria , and llenealmia*, appear to 
furnish the Cardamoms of the shops, which consist of the oval trival- 
vular capsules containing the seeds. The following are some of the 
sources whence Cardamoms are procured : — 

1. Amomum Cardamomum, a Java plant, supplies the round Cardamoms. 

2. A. angustifolium furnishes the large Madagascar Cardamoms, and also supplies 

some of the seeds called Grains of Paradise. 

3. A. maximum produces the Java Cardamoms of the London market. 

4. A. repens (Renealmia or Elettaria Cardamomum) is the source of Malabar 

Cardamoms. 

6. Elettaria major is said to yield Ceylon Cardamoms. 

The seeds of these plants are used as aromatic tonics and carminatives. 
Their active ingredient is a pungent volatile oil. Grains of Paradise 
are the seeds of Amomum Melegueta , Melegueta Pepper, and have the 
same properties as Cardamoms. East Indian Arrow-root is procured 
in part from Curcuma an gust [folia, and a similar kind of starch is 
yielded by Curcuma Zerumbet , C. leucorhiza , and Alpinia Galanga, 

1063. Order 188. — uiomntace* or Cannacese, the Arrow-root 

Family. ( Mono-epigyn .) Perianth superior, in 2 whorls; outer 
(calyx) 3-lobed, short; inner (corolla) tubular, elongated, 3-parted, 
segments nearly equal. Stamens in 2 whorls ; outer sterile, petaloid, 
irregular, resembling a tubular trifid corolla, with one of the lateral 
segments different from the others ; inner petaloid, 2 sterile, and 1 
lateral fertile ; filament of the latter petaloid, entire, or 2-lobed ; anther 
on the margin of the filament, 1-celled, dehiscing longitudinally. Ovary 
3-celled, rarely 1-celled ; ovules solitary and erect, or numerous and 
attached to the axis ; style petaloid or swollen ; stigma either the naked 
apex of the style, or hollow, hooded, and incurved. Fruit a 3-celled 
capsule, or baccate, 1-celled and 1 -seeded. Seeds round, without 
arillus ; embrjo straight, in hard, somewhat floury albumen, without 
a vitellus; radicle lying against the hilum (fig. 527 ). — Herbaceous 
plants, with tuberous rhizomes, and leaves and flowers, similar to those 
of the Ginger Family. They are natives of tropical America, and 
Africa ; several are found in India ; none are known in a wild state 
beyond the tropics. Lindley enumerates 6 genera, including JfeO 
species. Examples — Maranta, Canna, Phrynium. jr 

1064. The plants of the order contain much starch in the rhiicomcs 
$nd roots. They are destitute of aroma. Arrow-root is the produce 
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of the tuberous rhizomata of Maranta arundinacea and M. indica. 
The best West Indian arrow-root comes from Bermuda. Its globules 
are much smaller and less glistening than those of tous-les-mois or 
potato starch. Amylaceous matter of a similar kind is produced from 
other species of Maranta , as well as from species of Canna, Tous-les- 
mois is the produce of Canna coccinea , C. Achiras , C. edulis , &c. 
The seeds of Cannas are round and black, and are commonly known 
under the name of Indian shot. They have been used as a substitute 
for coffee. Calathea zebrina , Zebra plant, is so called from the peculiar 
variegation of its leaves, which have a velvety aspect. Barn^oud states 
that the two outer verticils -of the flowers in Cannas are always 
developed, one after the other, precisely like the calyx and corolla ; 
while the verticil, sometimes called petals, is really metamorphosed 
stamens, and hence its irregular aspect. 

1065. Order 189. — Mu»oce«, the Banana Family. ( Mono-epigyn ) 
Perianth 6-cleft, adherent, petaloid, in 2 whorls, more or less irregular. 
Stamens 6, inserted on the middle of the segments of the perianth, 
some usually abortive; anthers linear, ditheca), introrse, often with a 
membranous petaloid crest. Ovary inferior, 3-celled ; ovules numer- 
ous, anatropal ; style simple; stigma usually 3-lobed. Fruit either a 
3-celled capsule, with loculicidal dehiscence, or succulent and indehis- 
cent. Seeds sometimes surrounded by hairs; testa usually crusta- 
ceous ; embryo erect, in the axis of mealy albumen ; radicle touching 
the hilum. — Plants without true aerial stems, or nearly so, having 
shoots proceeding from subterranean root-stocks, which form spurious 
stems, composed of the sheathing leaf-stalks. Veins in the limb of the 
leaf parallel, and proceeding in a curved manner from the midrib to 
the margin (fig. 135). Flowers bursting through spathas. Natives 
of warm and tropical regions. There are 5 known genera, and 21 
species. Eocamples — Musa, Strelitzia, Ravenala. 

1066. The plants of this order furnish a large supply of nutritious 
fruit, and their leaves afford valuable fibres. Spiral vessels abound in 
them. Musa sapientum and Cavendishii furnish different kinds of 
Banana, yvkile M. paradisiaca yields the Plantain. These fruits in 
their ripe state contain much starchy matter. From their spurious 
stems, the fibres of the spiral vessels may be pulled out in such quantity 
as to be used for tinder. The ribbon-like fibre in these vessels is 
composed of several threads united together (pleiotrachese) (fig. 51). 
The produce of the Banana is of great value to the inhabitants of 
warm countries. The same extent of ground which in wheat would 
only maintain two persons, will yield sustenance under the Banana 
to fifty. Musa textilis yields a kind of woody fibre, which is used in 
India in the manufhcture of fine muslins. Manilla Hemp is the pro- 
duce of Musa textilis, The woody tissues of many species of Musa is 
used for manufacture in warm climates. The young shoots of the 
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Banana are used as a culinary vegetable. The juice of the fruit and 
the lymph of the stem of Musa are slightly astringent and diaphoretic. 
Urania or Ravenala sptciosa is the Water-tree of the Dutch, or the 
Traveller’s tree of Madagascar, so called on account of the great 
quantity of water which flows from its stem or leaf-stalk when cut 
across. The juice of the fruit of Urania is used for dyeing. 

1067. Order 100. — iridac©», the Iris Family. ( Mono-epiayn .) 
Perianth adherent, 6-parted, coloured, in 2, often unequal whorls 
(figs. 745, 746). Stamens 3, epigynous, opposite the outer segments 
of the perianth (figs. 745, 746 e e ) ; filaments distinct or monadelphoUs; 
anthers 2-celled; extrorse. Ovary inferior (fig. 746 o), S-celled ; ovules 
numerous (fig. 746 g\ anatropal; style 1; stigmas 3, often petaloid 
(fig. 746 s ), sometimes bilabiate. Fruit a 3~celled, 3-valved capsule, 
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with loculicidal dehiscence (fig. 448). Seeds numerous; embryo en- 
closed in horny or fleshy albumen ; radicle next the hilum (fig. 747). 
— Herbs, rarely undershrubs, with rhizomes or underground conns, 
having their leaves often equitant or distichous, and their flowers 
spathaceous. Natives chiefly of warm and temperate regions. They 

Figs. 745-747.— Organs of fructification of Ills Germanlca, to illustrate the natural order 
lridacese. 

Fig 745.— Diagram of the flower, showing six divisions of the perianth in two verticils, three 
extrorse stamena, and the 3-celled capsule with numerous ovuies. a, Position of the axis of 
inflorescence. 

Fig. 746.— Vertical section of the flower, ce, Outer divisions of the coloured perianth, 
et, Inner divisions of the perianth, t, Tube of the perianth, above the part which is adherent 
to the ovary, o, Inferior S-celled ovary, g. Numerous anatropal ovules, e e, Stamena * t, 
Petaloid stigmas. 

¥tg. 747.— Seed separated and cut longitudinally, t Integuments (spermoderm). p, Peri- 
•nerxn. «, Embryo enclosed in the perisperm. m, Micropyle (foramen) 
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abound at the Cape of Good Hope. The Crocus occurs only in 
Europe and Asia. There are 53 known genera, and 550 species. 
Examples — Iris, Sisyrinchium, Witsenia, Gladiolus, Ixia, Crocus. 

1068. Some of the plants have fragrant and stimulant, and some 
acrid, rhizomes and corms ; others yield dyes. The root-stock of Iris 
Florentina yields orris-root, which has a pleasant odour like violets, 
and an acrid taste, depending on the presence of a volatile oil. It is 
imported from Florence and Leghorn. Orris-root is used chiefly for 
giving a* pleasant odour to the breath, and in perfumery and tooth- 
powder. Orris-root starch is used for hair-powder. Crocus sativas, the 

of the Old Testament, furnishes the colouring material called 
Saffron. It consists of the stigmata, which have a fine deep-orange 
colour. These stigmata are either dried in the loose state, forming 
Hay Saffron, or compressed into masses, constituting Cake Saffron. 
The yellow colouring ingredient is Polychroite, which possesses the 
property of being totally destroyed by the action of the solar rays, 
and of forming blue tints when treated with sulphuric and nitric acid. 
Saffron contains an active volatile oil, and it has been used in the 
form of tincture and syrup, as an emmenagogue and antispasmodic. 
The stigmata of Crocus autumnalis and C. odorus y also supply saffron. 
The roasted seeds of Iris pseudacorus have been used as a substitute 
for coffee. 

1069. Order 191. — Bnrmanniacr*, the Burmannia Family. (Mono- 
epigyn.') Perianth coloured, tubular, 6-cleft, the three outer segments 
(calyx) often keeled at the back, the three inner (petals) minute. 
Stamens 3, inserted in the tube of the perianth, opposite its inner 
segments, sometimes with 3 alternating sterile filaments; anthers 
dithecal, opening transversely, with a fleshy connective. Ovary in- 
ferior, either 1- or 3-celled, in the latter case the cells opposite the 
outer segments of the perianth ; ovules 00 ; style simple ; stigmas 3. 
Fruit a L 3-celled, 3-valved capsule, crowned by the persistent peri- 
anth. Seeds 00, minute, striated. — Herbs, with radical leaves and 
bisexual flowers. Natives of moist grassy places in tropical regions 
They have no properties of importance. There are about 10 known 
genera, and 35 species. Examples — Burmannia, Apteria, Apostasia? 

1070. Order 192. — iisemodoracc«, the Blood-root Family. ( Mono - 
epigyn .) Perianth petaloid, more or less woolly, 6-cleft. Stamens 
inserted on the perianth, either 3, and opposite the inner segments of 
the perianth, or 6 ; anthers introrse! Ovary adherent to the tube of 
the perianth, usually 3-celled, rarely 1-celled ; ovules 1-2 or numerous; 
style simple ; stigma undivided. Fruit a 3-valved capsule, sometimes 
indehiscent. Seeds either definite or 00, sometimes peltate; embryo 
in cartilaginous albumen. — Hubs with fibrous roots, equitant distichous 
leaves, and bisexual flowers. They are found in various parts of the 
world, more especially in the warm parts of South America at the 
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Cape of Good Hope, as well as in North America and Australia. 
Lindley mentions Id genera, and 50 species. Examples — llsemodorum, 
Anigosanthus, Velozia, Barbacenia. 

1071. The plants receive the name of Blood-root, from the red 
colour of their roots, which are used for dyeing. Vellozias , Tree 
Lilies, give a decided feature to the vegetation of the mountains of 
Minas Geraes in Brazil. Their trunks are covered by the withered 
remains of the leaves, and their branches are dichotomous, and bear 
tufts of leaves at the extremities. The outer surface of their stems 
is covered thickly with numerous adprcssed rootlets. 

1072. Order 193. — Amaryiiidaccie, the Amaryllis Family. ( Mono - 
epigyn.) (Fig. 251). Perianth petaloid, regular, 6-cleft, the outer 
segments overlapping the inner. Stamens 6, inserted in the perianth, 
sometimes cohering by the dilated bases, and forming a kind of cup; 
occasionally there are additional sterile stamens, which sometimes 
form a corona above the tube of the perianth ; anthers introrse. Ovary 
inferior, 3-celled ; ovules 00, anatropal ; style 1 ; stigma S-lobed. 
Fruit either a 3-celled, 3-valved capsule, with loculicidai dehiscence, 
or baccate. Seed with a thin or thick, or black and brittle spermo- 
derm ; albumen fleshy ; embryo nearly straight ; radicle next the 
bilum. — Usually bulbous plants, sometimes with fibrous roots ; leaves 
ensiform, with parallel veins ; flowers spathaceous ; stem sometimes 
woody and tall. Natives chiefly of the Cape of Good Hope, but 
species are found in Europe, East and West Indies, South America, 
and Australia. Lindley enumerates 68 genera, and 400 species, and 
he divides them into 4 tribes: — 1. Amarylle®, bulbs, flowers without 
a corona. 2. Narcissese, bulbs, flowers with a corona. 3. Alstro- 
merieae, fibrous roots, outer segments of the perianth different in form 
from the inner. 4. Agave®, fibrous roots, both segments of the peri- 
anth alike. Examples — Amaryllis, Galanthus, Crinum, Narcissus, 
Alstromeria, Agave. 

1073. The bulbs of many plants of this order have narcotic poison- 
ous qualities. Some of them act as emetics, others are used in the pre- 
paration of a kind of intoxicating spirit. The tough fibres of some are 
used for flax. The root of Hcemanthus toxicarius is poisonous. The 
flowers of the Daffodil ( Narcissus pseudo-narcissus) are also said to 
be poisonous. The fibres of Agave Americana , American Aloe, yield 
Pita flax. This plant does not flo\yer often, but when flowering begins, 
it proceeds with great rapidity and vigour. Its roots are sometimes 
used to adulterate Sarza. Its juice is fermented so as to form an 
intoxicating beverage. Agave Saponaria is used in Mexico for washing. 
The bulbs of Narcissus poeticus , N. Jonquilla , N. odorus , N. pseudo- 
narcissus, N. Tazetla , and of some species of Pancratium are emetic. The 
Guernsey Lily is also reputed poisonous. Some Alstrdmerias are diu- 
retic. In Aktromerias (fig. *251), the leaves are twisted} so that whut 
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should be the upper surface beoomes the lower. In Narcissus the 
corona or crown of abortive filaments projects beyond the flower ; while 
in Pancratium the dilated filaments of the fertile stamens unite together, 
and are included within the perianth* Many ornamental garden 
plants belong to the order. 

1074. Order 194. — HypoxMace®, the Hypoxis Family. (Mono- 
epigyn.) Perianth petaloid, superior, usually 6-parted, regular. Sta- 
mens 6, inserted into the base of the segments of the perianth, fila- 
ments distinct ; anthers introrse. Ovary inferior, 3-celled ; ovules 
numerous, amphitropal; style simple; stigma 8-lobed. Fruit inde- 
hiscent, sometimes succulent, 1- 2- 3-celled. Seeds 00, with a lateral 
hilum and a beaked caruncle ; testa black, and crustaceous ; embryo 
straight, in the axis of fleshy albumen ; radicle remote from the hilum. 
— Herbaceous and usually stemless plants, with tuberous and fibrous 
roots, radical plaited leaves, and simple or branched scapes. Natives 
of warm countries. Some have bitter roots, others have edible tubers. 
There are 4 known genera, including GO species. Examples— '-Hypoxis, 
Curculigo. 

1075. Order 195. — Bromeiiace®, the Pine-apple Family. ( Mono- 
perigyn .) Perianth tubular, G- divided, -in 2 verticils; outer whorl 
(calyx) persistent, more or less adherent to the ovary ; inner petaloid, 
marcescent or deciduous, with imbricated aestivation. Stamens 6, in- 
serted into the base of the segments of the perianth ; anthers introrse. 
Ovary either free or partially adherent, 3-celled ; ovules 00, anatropal ; 
style single ; stigma 3-lobed or entire, often twisted. Fruit capsular 
or succulent (figs. 256, 474), 3-celled. Seeds 00; embryo minute, 
curved or straight, lying in the base of mealy albumen ; radicle next 
the hilum. — Stemless or short-stemmed plants, with rigid, channelled 
leaves, which are often spiny at the margin, and are covered with 
scurfy matter. Natives of the warm parts of America chiefly. There 
are 23 genera, according to Lindley, and 170 species. Examples — 
Bromelia, Ananassa, Tillandsia, Bonapartea. 

1076. The plants of this order are all more or less epiphytic, being 
able to grow without any direct attachment to the soil. In hothouses 
they are frequently kept suspended in moistened moss. Some of 
the TiUandsias are hung from balconies *in South ’America as air- 
plants. Tillandsia usneoidvs has the appearance of the Beard-moss (a 
lichen commonly seen on trees in Britain), and it is used for stuffing 
cushions, &c. The plant has been called Tree-beard or Black Moss. 
The leaves of TiUandsias frequently contain much water in tjieir hol- 
lowed-out bases. The fruit of Ananassa sativa is well known as the 
Pine-apple or Ananas (fig. 25 G). It is an anthocarpous fruit, consist- 
ing of numerous flowers and bracts united together, and becoming 
succulent. The fruit is more or less acid in the wild state, but when 
cultivated it becomes sweet and highly aromatic. The fibres of the 

2 a 2 
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leaves are used in the preparation of fine muslins. The woody fibres 
of many Bromelias are used in manufactures. JBromelia Pinguin, is 
used as a i^rmifuge in the West Indies. Its ovaries do not combine 
into one mass, and therefore illustrate well the formation of the Pine- 
apple. The crown of the Pine-apple consists of the leaves arising from 
the prolonged axis (fig. 474 /). 

b. Perianth free, Ovary superior , Flowers usually hermaphrodite . 

1077. Order 196.*— Iiiiiace«, the Lily Family. (Mono-perig. and 
Mono-hypog.) Flowers usually bisexual. Perianth coloured, in 2 
rows, regular, with 6 divisions (figs. 259, 260, 748, 749). Stamens 
6 (fig. 538), perigynous, inserted into the segments of the perianth 
(figs. 259, 748, 749); anthers introrse (fig 750 e). Ovary free, 3-celled 
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(fig. 749); ovules 00; style 1; stigma simple or 3-lobed (figs. 259, 
260, 750 s). Fruit 3-celled, either succulent or dry and capsular. 
Seeds numerous, packed one above the other in 1 or 2 rows (fig. 750) ; 
embryo in the axis of fleshy albumen (fig. 751). — Herbs, shrubs, or 
trees, with bulbs (figs. 207-209), or tubers, or arborescent stems, or 
rhizomes (fig. 90) ; leaves not articulated, usually narrow, with parallel 
veins. They are found both in temperate and tropical climates. In 
warm regions some of them are arborescent, as in the case of Dracaenas ; 
others are very succulent, as species of Aloe. The order has not been 
sufficiently defined, and there are still many differences of opinion as 

to its limits. Under it are included by some the following suborders 

■* * 

1. Tulipeas, Tulip tribe : bulbous plants, segments of perianth scarcely adherent in a 

tube, testa pale and soft. 

2. Herraerocallideae, Day-lily tribe : bulbous plants, with a tubular perianth, testa 

pale and soft. 

Figs. 748-751.— Organs of fructification of b cilia autumnalis, to illustrate the natural order 
Iilia'cese. 

Fig. 748.— Flowers seen from above, ee, Outer verticil of the perianth (calyx), ci, Inner ver- 
ticil of the peiianth (corolla). 

Fig. 749.— Diagram of the flower, Bhowing three outer and three Inner leaves of the perianth, 
six alternating stamens in two rows, and three carpels of the ovary with the ovulea 
Fig. 750.— Vertical section of the flower, c e, Perianth, e, Stamens. o, Ovary, j, Style and 
stigmas. g , Ovules attached to a placenta In the axis. 

Ft g. 78L -Seed separated and cut lengthwise. t Integument p, Perispenn. e, Embryo 
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8 Scille® or Allle®, the Squill or Onion tribe: bulbous (figs. 207-209), with the 
testa black and brittle. 

A. Anthericese or Asphodele®, Asphodel tribe: not bulbous, roots fascicled (fig. 120) 
or fibrous, leaves not coriaceous nor permanent. 

5 Convallarieac, Lily of the Valley tribe: stem developed as a rhizome or tuber 
(fig. 90). 

6. Asparagese, Asparagus tribe : stem usually fully developed, arborescent, in some 

cases branched, leaves often coriaceous and permanent. 

7. Aloinese, Aloes tribe : stem usually developed, arborescent, leaves succulent. 

8. Aphyllantbere, Grass-tree tribe: having a rush- like habit and membranous im- 

bricated bracts. 

Lindley adds to these the tribes Conantherese, Wachendorfese, Aspidis- 
trese, and Ophiopogoneae. He enumerates 133 genera, including 1,200 
species. Examples — Tulipa Lilium ; Hemerocallis, Phormium ; An- 
thericum, Asphodelus; Convallaria ; Asparagus, Dracaena; Aloe; 
Aphyllauthes, Xanthorrhsea ; Conanthera; Wachendorfia; Aspidistra; 
Ophiopogon. 

1078. Many of the plants of this order are showy garden flowers, 
such as Tulips, Lilies, Fritillaries, Day-lilies, Tuberoses ( Poliantkes ), 
and Dog-tooth-violets ( Erythronium ). Some of them are used medi- 
cinally as purgatives, stimulants, emetics, and diaphoretics. Some 
yield valuable fibres, others supply resinous matter. The bulb of 
Scilla or Squilla ( Urginea ) maritima supplies the officinal squill. The 
plant grows on the sandy coasts of the Mediterranean. Its bulbs vary 
in weight from half a pound to four or five pounds. In their fresh 
state they are very acrid. They contain a bitter crystalline principle, 
called Scillitina. Squill is used medicinally in the form of powder, , 
vinegar, syrup, and tincture, as an emetic, diaphoretic, expectorant, 
and diuretic. The drug called Aloes is the inspissated juice of the leaves 
of various species of Aloe, as A. spicata, vulgaiis , socotrina , indica , rube- 
scens , arabica, ling uaf or mis, and Commelini. It is imported under the 
names of Soco trine, East Indian or Hepatic, Barbadoes, Cape and Cabal- 
line Aloes. It contains a substance called Aloesin, which some regard 
as its active principle. Aloes is used medicinally as a cathartic, acting . 
chiefly on the large intestines and on the rectum. The bulb of Allium 
sativum, Garlic, is used as an irritant, stimulant, and diuretic. It is. 
the ERP of the Bible, the axogobov of the Greeks. The bulb of Allium 
Cepa, the Onion, the ^*3 of the Bible, is used in the same way as 
g? rlic, and so is the bulb of Allium Porrum , the Leek, the of the 
Bible (figs. 207, 208). Besides the Onion and Leek, several species 
of Allium , under the name of Chive ( A . Schoenoprasum ), Shallot ( A . 
ascalonicum,) and Rocambole (A. Scorodoprasum ), are used as articles 
of diet. These plants contain *Vee phosphoric acid, and a sulphuretted 
oil, which is in a great measure dissipated by boiling or roasting. In 
the Oregon and Missouri districts of North America, the bulbs of 
(Jatnassia esculenta , Gamass or Squamash, are also employed in a 
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similar manner. It is called by the Indians Biscuit-root The turios 
or young shoots sent up from the underground stem of Aspawgus 
officinalis (fig. 110), are the parts employed in cooking. The bulbsof 
species of lMiwm y found in the east of Siberia, are eaten like potatoes. 
Fibres are procured from Phoi'mium tenax , New Zealand Flax, and 
from the species of Yucca , Adam’s Needle (fig. 234). Dracaena Draco , 
and other species, yield an astringent resin called Dragon’s-blood. 
The Dracanas often branch in a dichotomous manner, and attain a 
large size. The Grass-tree of New South Wales, Xanthorrhcea hastilis , 
gives a peculiar feature to the vegetation of that country. It yields a 
yellow gum-like substance. The base of the inner leaves of some 
Grass-trees is used as food. Some of the Lilies have bulbils or bulb- 
lets in the axils of their leaves (fig. 213). In the Crown-Imperial there 
is a nectariferous depression in the base of the segments of the perianth 
(fig. 302). Lilium ckalcedonicum is said to be the Lilies of the field, 
Tec tcpnot rov fllygov, mentioned in Scripture. Hyacinihus orient alis is 
the common cultivated Hyacinth, of which the Haarlem florists had at 
one time upwards of 2,000 varieties. The mania for Tulip bulbs was 
at one time carried to a great extent, and the price given for approved 
kinds was enormous. Many hundred varieties of tulips are known. 

1079. Order 197. — iwreianiimcese, the Colchicum Family. ( Mono - 
perigyn .) Perianth petaloid, in 6 pieces, which are sometimes slightly 
coherent, usually involute in aestivation. Stamens 6 ; anthers extrorse. 
Ovary 3-celled; ovules numerous; style 3-parted; stigmas 3, un- 
divided. Fruit a 3-ceiied capsule, with septicidal or loculicidal dehis- 
cence. Seeds with a membranous spermoderm; albumen dense, 
fleshy; embryo very minute. — Plants with bulbs, tubers (fig. 93), or 
fibrous Toots, having parallel-veined leaves, sheathing at the base. 
The flowers are sometimes polygamous. They are natives of various 
parts of the globe, but are most abundant in northern countries. The 
older has been divided into three suborders : — 1. V eratreae or Melan- 
these, rhizome fibpous, dehiscence of capsule septicidal, flowers fre- 
quently unisexual. 2. Colchicese, rhizome bulbous, dehiscence sep- 
ticidal. 3. Uvularieae, rhizome bulbou3 or fibrous, dehiscence loculi- 
cidal. There are 30 known genera, and 130 species. Examples — 
Melanthium, Veratrum, Tofieldia; Colchicum; Uvularia. 

1080. The plants of the order have in general poisonous properties. 
Many are acrid, purgative, and emetic, and some are narcotic. Apiong 
the medicinal plants of the order, the most important is Colchicum 
autumnale , Meadow Saffron, or Autumn Crocus. The bulb or conn 
(fig. 93) and the seeds are the officinal parts. They contain a peculiar 
alkaloid called Colchicia, which seems to be analogous to Veratria. 
Colchicum in large doses acts as a narcotico-acrid poison. In medi- 
,*scipal doses, in the form of extract, vinegar, tincture, and wine, it is 
used in the cure of gout and rheumatism. It is sedative, cathartic, 
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and diuretic. The rhizome of Veratrum album , the White HeDebore 
of the Greeks, is an irritant narcotic poison, its properties being due 
to the presence of an alkaloid called Veratria. It has been used as 
an emetic and purgative, especially in mania, and it has been adminis- 
tered as a remedy for gout, Cevadilla is the fruit of Hdonlas or 
Asagrcea officinalis, as well as of Veratrum Sabadilla. The fruit and 
seedi contain the alkaloid veratria in combination with a peculiar 
fatty acid called cevadic or sabadillic acid. Cevadilla is used in cases 
of neuralgia and rheumatism. 

1081. Order 198. — caiue»iace*, the Gilliesia Family. ( Mono - 
perigyn.) Perianth 6-parted, sometimes 5-parted by cohesion of two 
of the pieces, in a double row ; the outer, petaloid and herbaceous ; the 
inner, smaller, and more coloured ; aestivation twisted. Stamens in a 
double series ; outer whorl sterile, in the form of a 6- toothed urceolate 
body, or of scale-like bodies, one of which forms a sort of labellum ; 
inner whorl of six stamens, of which three are sometimes sterile. 
Ovary superior, 3-celled ; style 1 ; stigma simple. Fruit a 3-celled, 
3-valved capsule, with loculicidal dehiscence. Seeds numerous, at- 
tached to the axis ; spcrmoderm black and brittle ; embryo curved 
in the midst of fleshy albumen. — Herbs with tunicated bulbs, grass- 
like leaves, and umbellate spathaccous flowers. Natives of Chili. Their 
properties unknown. The description of the flower is in accordance 
with Arnett s view, and differs from that of Lindley, who considers 
the perianth as bracts, and the outer verticil of stamens as the perianth. 
There are 2 genera and 5 species. Examples — Gilliesia, Miersia. 

1082. Order 199. — Pontodorincea*, the Pontederia Family. ( Mono - 
perigyn.) Perianth tubular, coloured, 6-parted, more or less irregular; 
activation circulate. Stamens 3-6, perigynous; anthers introrse. 
Ovary free, or slightly adherent, 3-celled ; ovules numerous, anatropal ; 
style 1 ; stigma simple. Fruit a 3-celled, 3-valved capsule , with 
loculicidal dehiscence. Seeds 00, attached to a central axis; testa 
membranous; hilum small; embryo straight, in the axis of somewhat 
mealy albumen ; radicle next the hilum . Aquatic or marsh plants 
with sheathing, parallel-veined leaves, which are sometimes cordate or 
sagittate, and have inflated petioles. The flowers are spathaceous. • 
They are natives of North and South America, East Indies, and Africa. 
Their properties are unimportant. There are 6 genera, according to 
Lindley, and SO species. Examples — Pontederia, Leptanthus. 

1082. Order 200. — Xyridncew, the Xyris Family. {Mono-perigyn.) 
Perianth 6-parted, in two verticils ; the outer glumaceous, the inner 
petaloid. Stamens 6, 3 fertile, inserted into the claws of the inner 
perianth; anthers extrorse. Ovary single, 1 -celled ; ovules 00, ortho- 
tropal, attached to parietal placentas ; style trifid ; stigmas obtuse, 
multifid or undivided. Fruit a 1 -celled, 3-valved capsule. Seeds 
numerous ; embryo on the outside of mealy albumen, remote from 
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the hilum. — Herbs having a sedge-like aspect, with radical leaves, equi- 
tant and sheathing at the base, and scaly heads of flowers. Natives 
chiefly of tropical regions, having no important properties. There are 
about 6 genera, and 70 species. Examples — Xyris, Abolboda, Phily- 
drum? 

1084. Order 201. — Juncacew, the Rush Family. ( Mono-hypo - 
perigyn.) Perianth 6-parted, more or less glumaceous. Stamens G, 
inserted into the base of the segments, sometimes 3, and opposite the 
outer segments ; anthers 2-celled, introrse. Ovary 1-3-celled; ovules 
1, 3, or many in each cell, anatropal; style 1 ; stigmas generally 3, 
sometimes 1. Fruit a 3-valved capsule, with loculicidal dehiscence, 
sometimes indehiscent. Seeds with the testa neither black nor crusta- 
ceous ; embryo very minute, near the hilum, within fleshy or cartila- 
ginous albumen. — TIerbs with fasciculated or fibrous roots, hollow, 
grooved, or flat leaves, with parallel veins. They are natives chiefly 
of the colder regions of the globe. Many species of Juncus are used 
for making the bottoms of chairs, mats, &c., and the central cellular 
tissue forms the wicks of rushlights. There are 14 known genera, and 
upwards of 200 species. Examples — Juncus, Luzula, Nartheciura, 
Astelia. 

3085. Order 202. — the Palm Tribe. (Mono-perigyiu) 
Flowers bisexual or unisexual, or polygamous. Perianth G-parted 
in a double row (fig. 757); 3 outer (calyx) fleshy, or leathery and 
persistent (figs. 752 c e , 756 c), 3 inner (corolla) often larger (fig. 
752 c i), and sometimes deeply connate. Stamens 6 (figs. 753, 757), 
rarely 3, sometimes 00, inserted into the base of the perianth. Ovary 
free, 1 -3-cellcd, usually composed of 3 carpels, which are more or less 
completely united (fig. 755); ovules 1-3. Fruit drupaceous, or nut- 
like (fig. 756), or baccate, often with a fibrous covering. Seed with 
cartilaginous or horny albumen (fig. 520), which is often ruminate 
(fig. 497), or furnished with a central or lateral cavity ; embryo small, 
cylindrical, or flat, in a cavity of the albumen, remote from the hilum 
(figs. 497, 520). — Arborescent plants (fig. 115, 1), with simple, rarely 
branched frunks, marked with the scars of the leaves, which are ter- 
minal, pinnate, or fan-shaped, with plicate vernation, and parallel 
simple veins, and often spiny petioles. Flowers on a terminal, often 
branched spadix, enclosed in a 1- or many-valved spatha. Natives of 
tropical regions chiefly, and imparting to them much of th^r botanical 
physiognomy. Most of them have unbranched stems, attaining some- 
times a height of 3 90 feet, and sending out clusters of large leaves, from 
the axil of which bunches of flowers proceed. Although the flowers 
are small, still the inflorescence, taken collectively, has often *a most 
imposing aspect Humboldt describes their effect on the landscape 
in glowing colours, and Martins has illustrated the order by splendid 
delineations* Iinnmus called them the Prince* of the Vegetable 
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Kingdom. Lindley states that there are 73 known genera, and 400 
species ; but this estimate probably falls short of the total amount, for 
much still remains to be done in the elucidation of the species. 





Martins estimates the known species at 582, of which 91 have fan- 
shaped leaves. They have been divided by him into various tribes, 
depending chiefly on the nature of the ovary, ovules, and fruit; and 
sections are formed according as the leaves are pinnate or flabelliform,* 
and the stems are spiny or not. The following are the tribes:— 1. 
Arecineae, the Betel-nut tribe. 2. Lepidocaryinse, the Sago tribe. 3. 
Borassinae, the Palmyra Palm tribe. 4. Coryphinae, the Talipot and 
Date tribe. 5. Cocoinae, the Coco-nut tribe. Examples — Areca, 
Euterpe, Caryota; Lepidocaryum, Calamus, Sagus; Borassus, Lodoi- 
cea ; Corypha, Livistona, Phoenix ; Cocos, Elais, Acrocomia ; Phyte- 
lephas. 

1086. The properties of the plants of this order are very various. 
In the countries in which they grow, they are used for supplying food. 

Figs. 752-766.— Organs of fructification of Areca Catechu, Betei-nnt Palm, to illustrate the 
natural order Palpse. * 

Fig. 7 52. — Unexpended flower-bod. c e, Onter division of the perianth c t, Inner perianth. 

Fig 753. — Diagram of the flower, showing the two verticils of the perianth, the six stamens^ 
and three abortive carpels, a, The position of the axis of inflorescence In reference to the 
flower 

Fig. 754.— A flower deprived of its perianth, in which the stamens, e, are partly abortive, while 
the ovary, o, is developed, j, Stigma. 

Fig. 766.— Diagram of the last flower, showing the double perianth, the partially abortive 
stamens, and the S-ceiled ovary, a, Axis of inflorescence. 

Fig. 766.— Fruit,/, surrounded at Its base bv the persistent perianth, c. 

Fig. 737 —Flower of Chon*ierops humilis, European Fan-Palm, seen from above. There are six 
divisions of the perianth, six stamens, and the ovary. 
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and for forming habitations. The fruit of some is eatable, while that 
of others is extremely hard. Many supply oil, wax, starchy matter, 
and sugar, which is fermented so as to form an intoxicating beverage. 
Their fibres are employed for ropes, and the reticulum surrounding 
their leaves is sometimes manufactured into brushes. 

The Palm of the Bible, "ton seems to be Phoenix dadylifcra, the 
Date, the drupaceous fruit of which supplies food to many of the in- 
habitants of Arabia and Africa. Cocos nucifera (fig. 115, 1), the Coco- 
nut Palm, is one of the most useful, supplying food, clothing, materials 
for houses, and utensils of various kinds, ropes and oil. The sugar 
procured from it is called Jagery, and is fermented so as to form arrack. 
The fibrous part of its fruit is manufactured into Coir-rope. The 
wood of the Coco-nut Palm is known by the name of porcupine wood. 
The terminal bud of the Coco-nut Palm, as well as that of j Euterpe 
montana, the Cabbage Palm, are used as culinary vegetables. The 
Double Coco-nut of the Seychelles islands is produced by Lodoicea 
Seychellarum. The palm-oil imported from the west coast of Africa is 
obtained by bruising the fruit of Elais guineensis and mclanococca. 
The oil-bearing palms are in the tribe Cocoinae. The Betel-nut is the 
produce of Areca Catechu , and from it an extract is prepared of an 
astringent nature resembling Catechu. The seeds or nuts form an 
ingredient in the Eastern masticatory called Pan or Betle, and which 
seems to owe its stimulating properties to the leaves of the Piper Betel. 
Sago, and starchy matter allied to it, is obtained from many Palms. 
It is contained in the cellular tissue of the stem, and is- separated by 
bruising and elutiiation. Fine Sago is said to be procured from Me- 
Jroxybn lave, a native of Borneo and Sumatra; Snyus Rumphii or 
farinifera, a native of Malacca ; and Saguerus Rumphii or saccharifet *, 
which is found in the eastern islands of the Indian Ocean. After the 
6tarchy matter is washed out of the stems of these Palms, it is then 
granulated so as to form sago. A single tree, it is said, will yield 500 
to 600 pounds. The last-mentioned Palm also furnishes a large supply 
of sugar. Sago, as well as sugar and a kind of Palm-wine, are pro- 
cured from Cayota urens, The date sugar of Bengal is the produce 
of Phoenix sylvestris. Ceroxylon or Iriarlea Andicola yields wax, which 
forms a coating over its trunk. Copcinicta cerifera, Carnahuba Palm, 
is another wax palm. Its tiunks are imported inf* Britain, and have 
been used for veneering. It is much used in the northern parts of 
Brazil, as at Aracaty, for thatch, hats, packsaddles, stakes, and palisades. 
The wax is procured by shaking the leaves, which have a glaucous 
bloom. Each leaf will yield fifty grains. A reddish resinous matter 
is yielded by Calamus Draco , It is one of the substances called Dra- 
gon’s-blood, and is used for colouring. The whalebone-like bristles 
w ; hich surround the base of the leaves of some species of Bogus and 
Saguerus are used for brushes. The thinner stems of Palms, as of 



COMMELTKACRJE— AV8M&CEM. 


553 


Calamus Scipionum and Rotang, are used as canes under the name of 
Rattans. Calamus Rudentum y the Cable Cane, a native of the East 
Indies, Cochin-China, and the Moluccas, grows sometimes to the length 
of 500 feet. The fruit of Attalea Junifera is known by the name of 
Coquilla-nuts, and its hard pericarp is used for making umbrella- 
handles, &c. It seems to supply a fibre used in manufacture under 
the name of Piassaba. The hard albumen of Pkytelephas macrocarpa 
is used in the same way as ivory. Hence the plant is called the 
Ivory Palm. The spatha of Mcmicaria saccifera comes off* in the form 
of a conical cap, and is used as a covering for the head in the West 
Indies. Chamcerops humUis is the only European species of Palm. It 
is able to stand the climate of this country with slight protection during 
winter. A specimen in the Edinburgh Botanic Garden has lived in 
the open air for years. It is covered with matting during winter. 
The Doom-palm of Egypt ( Hyphoene thebaica) has a trunk which 
divides in a dichotomous manner. Its pericarp is used as food, and 
has the taste of gingerbread. Acrocomia sclerocarpa is the Macahuba- 
palm of Brazil; Mauritia vinifera is the Buriti-palm, the stem of 
which, when perforated, yields a reddish juice, having the taste of 
sweet wine. The following Palms have flowered in the Edinburgh 
Botanic Garden — various species of Chamcedorea , Euterpe montana , 
Chamcerops humilis, C. Palmetto , Livistona chinensis , Harina eary- 
otoides , Areca triandra, Sabal umbracuhfera , Phoenix sylvestri? % Cary - 
ota urens, C. sobolifera , Seaforthia elegans y Rhaph ? jlabeUiformis , Calamus 
Wicfhtii , Desmoncus elongatus. 

1087. Order 203. — Commciyaace*, the Spider-wort Family. 
(Mono-hypogyn.) Perianth in 2 verticils ; outer (calyx) herbaceous 
and tripartite ; inner (corolla) petaloid, tripartite or trifid. Stamens 
6 or fewer, hypogynous, some of them occasionally abortive or de- 
formed ; anthers introrse. Ovary 3-celled ; ovules few in each cell ; 
style 1 ; stigma 1. Fruit a 2-3-celled, 2-3-valved capsule, with 
loculicidal dehiscence. Seeds often in pairs, with a lateral and linear 
hilum ; embryo pulley-shaped, antitropal, in a cavity of fleshy al- 
bumen, remote from the hilum. — Herbs with flat narrow leaves, 
which are usually sheathing at the base. Natives chiefly of warm 
climates. Some have fleshy rhizomes, which are used for food. 
Tradescantias, Spider-worts, have moniliform staminal hairs, in which 
a micro8copio*movement of granules is -seen (fig. 225). Genera 17, 
species 264. Examples — Commelyna, Tradescantia, Mayaca. 

1088. Order 204. — Alimae**, the Water -plantain Family. (Mono- 
hyp°9>) Perianth in 6 divisions and 2 verticils; outer whorl usually 
herbaceous ; inner usually petaloid ; sometimes the perianth is want ■ 
ing, Stathens definite or *00, hypogynous ; anthers introrse or extrorse; 
ovaries 8, 6, or more, distinct or united ; ovules erect or ascending, 
solitary or in pairs. Styles and stigmas equal to the number of car- 
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pels. Fruit of several dry, indehiscent carpidia. Seeds 1-2 in each 
carpel, exalbuminous (fig. 525); embryo straight* or curved like a 
horse-shoe; radicle next the hilmn. — Plants growing in flowing or 
stagnant water, usually with a creeping rhizome, parallel- veined leaves, 
and hermaphrodite or unisexual flowers. Natives both of tropical and 
temperate regions. The limits of the order are not well defined. Jt 
has been divided into two suborders: — 1. Alismeae, inner perianth 
petaloid, anthers introrse, embryo curved or hooked. 2. Juncagine®, 
inner , perianth herbaceous, sometimes perianth 0, anthers extrorse, 
embryo straight, plumule coming through a slit in the embryo (fig. 
504). They have few important properties. Some are acrid, others 
have eatable rhizomes. Various Brazilian Sagittarias are very 
astringent ; their expressed juice being employed in the preparation 
of ink. There are 5 known genera, and about 70 species. Examples 
— Aiisma, Sagittaria ; Triglochin, Scheuchzeria. 

1089. Order 205. — Botomacen, the Flowering-rush Family. ( Mono- 
hypog.) Perianth of 6 parts, in 2 verticils (fig. 381, 2) ; outer usually 
herbaceous ; inner petaloid. Stamens definite (fig. 381, 2, co, et), or 
00, bypogynous. Ovaries 3, 6, or more, distinct or united, 1 -celled 
(fig. 381) ; ovules 00; stigmas simple, as many as the carpels. Fruit 
consisting of several follicles, which are either distinct (fig. 393) and 
beaked, or combined. Seeds 00, minute, attached to the whole inner 
surface of the pericarp (fig. 394), exalbuminous; embryo often curved 
like a horse-shoe ; radicle next the hilum. — Aquatic plants, often 
lactescent, with paralled -veined leaves, and frequently umbellate 
flowers. They are chiefly found in northern countries, and some of 
them have acrid and bitter properties. Butomus umbellatus , Flower- 
ing-rush, is the only British plant in the class Enneandria of Linnaeus. 
Lindley gives 4 genera, including 7 species. Examples — Butomus, 
Limnocharis. 

c. Flowers incomplete, often, vniwrual , withmit a proper perianth , or 
with a jew verlicillate scales. 

1090. Order 20fi. — Pandanare*, the Screw-pine Family. (Monn- 
fiypog.) Flowers unisexual or polygamous, covering the whole of the 
spadix. Perianth 0, or a few scales. Male flowers: stamens numer- 
ous ; filaments with single anthers, which are 2-4-celled. Female 
flowers: ovaries 1-celled, united in parcels; ovules solitary or numer- 
ous, anatropal ; stigmas sessile, equal to the carpels in number. Fruit 
either fibrous drupes collected into parcels, or berries. Seeds solitary 
in the drupes, numerous in the berries ; embryo at the base of fleshy 
albumen; radicle next the hilum. — Trees or bushes, sometimes with 
adventitious roots (fig. 135, 2), long, imbricated, amplexicaul leaves, 
usually with spiny margins and backs. Natives of tropical regions. 
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The order is subdivided into two sections: — 1. Pandanece, undivided 
leaves and no perianth. 2. CyclaDthe®, fan-shaped or pinnate leaves, 
flowers with a few scales. There are 7 genera, according to Lindley, 
and 75 species. Examples — Pandanus, Freycinetia; Cyclanthus, 
Carludovica, Nipa. 

1091. The flowers of some of the plants are fragrant, and their seeds 
are sometimes used as food. The juice has in some instances astrin- 
gent properties. The species of Pandanus are remarkable for their 
aerial roots, with large cup-like spongioles. These roots are sent out 
regularly from all parts of their stems, and appear like artificial props 
(fig. 115, 2). Their spermoderm has numerous raphides. Their 
leaves are arranged in a spiral manner in three rows, and in their 
aspect they have some resemblance to those of the pine-apple — hence 
the name Screw-pine. Pandanus Candelabra is the Chandelier-tree 
of Guinea, and is so called on account of its mode of branching. 

1092. Order 207. — Arace», the Arum Family. ( Mono-hypog .) 
Flowers generally unisexual, rarely bisexual, enclosed within a spatha, 
and usually on a spadix (fig. 239), having male flowers at its upper 
part, female below, and abortive flowers between them (fig. 239, 2 ). 
Perianth either 0, or in the $ flowers rudimentary and scaly. Stamens 
definite or OO, hypogynous; anthers extrorse. Ovary free, 1- 3- or 
more celled ; ovules solitary or numerous ; style short or 0 ; stigma 
simple. Fruit succulent or dry, indehiscent, one -very rarely three- 
celled ; seeds one or several ; embryo in the axis of fleshy or mealy 
albumen, sometimes with a lateral cleft for the plumule ; radicle usually 
next the hilum. — Herbaceous or shrubby plants, often with tubers or 
creeping rhizomes, leaves sheathing at the base, and having parallel 
or branching veins (fig, 239, 1). They occur in dry and marshy places, 
and in lakes in various parts of the world, abounding in the tropics. 
The order has been divided into four suborders: — 1. Arineae, Cuckoo- 
pint tribe (fig. 239) ; naked flowers with a spadix and spatha, S $ , 
anthers sessile, ovules several, fruit succulent, seeds pulpy. 2. Ty- 
phineae, Bulrush-tribe ; marsh or ditch plants, with nodeless stems, 
flowers J $ , with a scaly or hairy perianth, arranged on a spadix with- 
out a spatha, anthers wedge-shaped on long filaments, ovule solitary, 
fruit dry, seed with adherent pericarp. 3. Acorese, Sweet-flag tribe; 
flowers $ , having usually a scaly perianth, arranged on a spatbaceous 
spadix, ovules 1 or more, fruit a berry. 4. Pistieae, Duckweed tribe; 
flowers % $ , naked, enclosed in a spatha without a spadix, ovary 
1 -celled, ovules 2 or more, fruit membranous or capsular. The order 
includes 47 genera, and 273 species. Examples — Arum, Caladium, 
Colocasia, Calla; Typha, Sparganium ; Acorus, Orontium, Pothos; 
Pistia, Lenina. 

1093. The general property of the order is acridity. Sometimes 
the plants are dangerous irritant poisons. In some instances the 
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rhizomes yield much starchy matter, and when boiled or roasted, are 
used as substitutes for yams, under the name of Coco. The starch 
may be separated and used as Arrow-root. Thus, Portland Sago is 
prepared from the rhizome of Arum maculatum, common Cuckoo-pink, 
or Wake-Robin. Diefferibachia seguina ( Caladium seguintm ), is called 
Dumb-cane, on account of the swelling of the tongue caused by 
chewing the plant. Many of the plants of this order give out heat in 
a marked degree during flowering (*|f 475). Some send out aerial 
roots, by means of which they climb upon trees. Dracontium pertusum 
has perforated leaves (^[ 137). Symplocarpus fcctidus, Skunk-cabbage, 
has a very disagreeable odour. Its rhizome and seeds have been used 
as antispasmodics. Richardia qfricana , with its white spatha, is com- 
monly cultivated under the name of ^Ethiopian Lily. The root-stock 
of Acorns Calamus , Sweet-flag, has an aromatic odour, combined with 
a bitterish acrid taste. It has been used as a stimulant and tonic. In 
Typha lati/olia , Great Reed Mace, the pollen is abundant and easily 
collected, and from its inflammable nature has been used as a substi- 
tute for the Lycopodium spores. The young shoots of T. lati/olia and 
angustijolia are eaten by the Cossacks like asparagus. The large, fleshy, 
amylaceous rhizomes are eaten by the Kalmucks. Lemnas, Duckweeds, 
are common in ditches in temperate regions. Their flowers are very 
simple, one male, and the other female, without a perianth, enclosed 
in a membranous bag ; their roots are simple fibres, covered with a 
sheath. Pistia Siratiotes floats in lakes in tropical countries. 

1094. Order 208. — Naiadacea or Potamese, the Naias or Pondweed 
Family. (Mono-hypog .) Flowers hermaphrodite or unisexual. Pe- 
rianth of two or lour herbaceous or scaly pieces, often deciduous, 
sometimes 0. Stamens definite, hypogynous. Ovary free, of one or 
more carpels ; ovule solitary ; style 1 or 0 ; stigma 

a entire, rarely 2-3 parted. Fruit dry, 1 -celled, 
* usually indehiscent. Seed solitary, erect, or pendu- 
f lous, exalbuminous ; embryo straight or curved, 
758 usually with a lateral slit for the plumule (fig. 758) ; 

radicle large (figs, 499, 758). — Plants living in 
fresh and in salt water, having cellular leaves with parallel veins and 
inconspicuous flowers. They are found in various parts of the world. 
They have no properties of importance. Zostera marina is used in 
the dried state for stuffing mattresses, and has been recommended for 
hospitals. Ouvirandra ( Hydrogetcm ) fenestralis has peculiar skeleton - 
like leaves (fig. 131). Apouogeton distachyum, a (Jape aquatic, has 
grown well for many years in the open pond of the Edinburgh Botan- 
ical Garden. CauUnia fragilis is one of the plants in which Rotation 
hair been observed. There are 19 known genera, and upwards of 70 

Fig. 768.— Embryo of Zostem, in the natural order Naiadacefe, t, Cotyledon, r, Radicle. 
b. Late ral swelling connected with the radicle, f. Slit for the plumule, which liee in a cavity or 
the retry large radicle 
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tpecies. Examples — Naias, Zannichellia (fig. 505), Potamogeton (fig. 
180), Ruppia, Zostera. 

1095. Order 209. — Benia ce®, the Restia or Cord-rush Family. 
(, Mono-perigyn .) Flowers frequently unisexual. Perianth glumaceous, 
sometimes 0. Stamens definite, perigynous, when two or three in 
number opposite the inner glumes ; anthers usually 1 -celled. Ovary 
1 or more celled, sometimes composed of several carpels ; ovules soli- 
tary, pendulous; styles and stigmas 2 or more. Fruit cap§ular or 
nucumeDtaceous. Seeds pendulous ; embryo lenticular, outside mealy 
albumen, remote from the hilum. — Herbs or undershrubs, with narrow 
simple leaves or none, naked or sheathed culms, and spiked or capi- 
tate, bracteated flowers. They are found chiefly in America and 
New Holland. They have few properties of importance. The tough 
wiry stems of Willdenovia teres and some Restias, > are used for making 
baskets and brooms. Eriocaulon septangulare is a native of Britain, 
being found in the Isle of Skye, as well as in the west of Ireland. In 
Brazil there exist branched Eriocaulons six feet high. In 1764, 
LinniBus described only 5 species of Eriocaulon in all the world, while 
Gardner collected in Brazil 100 species. The Diamond districts of 
Brazil are great centres of Eiiocavlons. There are according to 
Lindley, 36 genera, and 286 species. Examples — Restio, Centroiepis, 
Eriocaulon. 

Subclass 3 . — Glumiferje. 

1096. Flowers glumaceous, consisting of bracts or scales, which are 
imbricated, and not arranged in true verticils. Leaves with parallel 
veins. 

1097. Order 210. — Cypcracr*, the Sedge Family. ( Mono-hypog .) 
Flowers hermaphrodite or unisexual, generally without a perianth. 
Each flower furnished with a solitary bract (glume or scale). These 
bracts are imbricated upon a common axis, and the lowermost are 
often empty. Occasionally they enclose two or three opposite mem- 
branous bracts or glumes. (In the female flower of Carex, the two 
inner bracts receive the name of Perigynium.) Stamens hypogynous, 

definite, 1-12; anthers dithecal, innate. Ovary 1 -celled, 
often surrounded by hypogynous bristles (setae) which 
M Ik are probably abortive filaments ; ovule erect, anatropai ; 
0 V| J§ s * n $ e > 2-3-cleft ; stigmas undivided, sometimes bifid. 

Jr Fruit a crustaceous or bony ach senium or nut (fig. 519) ; 

W|Jif embryo lenticular, enclosed within the base of fleshy or 
lK/ farinaceous albumen (fig. 519 e) ; plumule inconspicuous 
(fig. 759). — Grass-hke herbs with fibrous roots. Their 
stems are solid, often without joints, sometimes creeping 

Fitr. 769 — Embryo of Carex depauperata, separated to show the structure of tl&t body is tha 
iiuiul order Cyperateai r, Radicle. c a, Cotyledon. /, Slit for the plumule. 
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(fig. 91), frequently angular. The leaves are narrow, and their 
sheaths are entire, not slit. They are found in all quarters of the 
globe, and in various localities, from the sand on the shore, to the 
tops of the mountains. Many of them occur in caarshy ground. 
Lindley enumerates 112 genera, including 2,000 species. Examples — 
Cyperus, Eriophorum, Scirpus, Fuirena, Cladium, Schoenus, Scleria, 
Elyna, Carex. 

1098. None of the plants of the order possess important medicinal 
qualities. The creeping stems of Carex arenaria , disticha and fiirta, are 
diaphoretic and demulcent, and have been used in medicine under the 
name of German Sarsaparilla. Papyrus antiquorum is the Papyrus of 
the Nile, the cellular tissue of which was used in the manufacture of 
paper. Some say that the word 1 * 3:1 in the Bible, translated Bulrush, 
is either the Papyrus or a species of Cyperus . The word rriiy has 
been translated Paper-Reeds. The species of Eriophorum are called 
Cotton-grass, on account of the woolly-like substance which is attached 
to the base of the ovary. Some species of Cyperus have tubers at the 
lower part of their stems, which are used as food. The roots of Cy - 
perns longm have been used as bitter and tonic remedies, while those 
of C. odoralus are aromatic. Some species of Scirpus are used for 
making chair bottoms. Some of the Carices , with their creeping 
stems, tend to bind together the loose sand on the sea-shore. 

1099. Order 21 1. — csrominea, the Grass Family. (Mono-kypogyn.) 
Flowers usually $, sometimes unisexual or polygamous; 1 , 2, or 
more (some occasionally abortive), are attached to a common axis, 
and enclosed within bracts, the whole together forming a locusta 
or spikelet (figs. 760-762). The outer imbricated bracts are called 
glumes; they are usually 2 (figs. 760, 761 ge g i\ sometimes 1, 
rarely wanting, and often unequal. They are either awned (aristate) 
or awnless (muticous). The bracts enclosed within the glumes are 
called paleae or glumella? ; they immediately enclose the stamens, are 
usually 2 , the lower being simple, and the upper being formed of 
2 united by their margins (fig. 761 p e pi). The innermost set of 
bracts consists of two or three hypogynous scales (squamulse, glumel- * 
lulse, or lodiculae), which are either distinct or combined (fig. 763 p), 
and are sometimes wanting. Stamens hypogynous, 1-6 or more; 
anthers dithecal, versatile (figs. 337, 763 e). Ovary simple (fig. 763 0 ) ; 
ovule ascending, anatropal ; styles 2 (fig. 763) or 3 , sometimes united ; 
stigmas leathery or hairy (fig. 410, 763 8 s). Fruit a caryopsis (fig. 
467). Seed incorporated with the pericarp ; embryo lenticular, lyiug 
qn one side of farinaceous albumen (fig. 495), near its base (figs. 764, 
765); endorhizal in germination (fig. 124). — Herbaceous plants, 
with cylindrical, hollow (fig. Ill), and jointed stems, called culms; 
alternate leaves, with a split aheath and a membranous expansion at 
the junction of the petiole and blade, called a ligule (fig. 194), the 
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collections of flowers (locust®) being arranged in spikes, racemes, or 
panicles* 

Discussions have arisen as to the true nature of the pale® in 



grasses. Brown thinks that the upper palea is composed of two 
parts united, while the inferior palea is the third part. The arrange- 

Flgs. 760-765.— Organs of fructiflcati n of A vena satlva, common cultivated Oat* to illustrate 
the natural order Graminece. 

Fig. 760 — Splkelet of the Oat. a, Axis of inflorescence or rachia. g e, Exterior or lower 
glume, p *, Inner or upper plume. //, Inferior fertile flower, f «, Tw o upper abortive flowers. 
a « l*” 16 8ame *ldkeU‘t with the envelopes separated to show the internal parts, a a. 

Axis of inflorescence, g e, Outer glume, g i. Inner glume p e. Outer palea of the fertile flower, 
with its awn (arista), p (, Inner palea, cleft at the apex, and apparently formed bv two united. 
*' °' consisting of the ovary, and two stylea /a, Two abortive flowers. 

rig. 762 .— Diagram of the spikelet. g e. Outer glume, g », Inner glume, p e, Outer palea 
with awn; the inner palea being opposite, e. Stamens, o, Pistil IL Scales or lodiculm. 
/*,/«. Barren flowera 

tig. 763. —Fertile flower deprived of glumes and palea?. e, Three stamens with versatile 
cleft anthers. P, Scales (squama? or Iodic u he) partially united, o, Ovary ultimately forming 
tiie grain, which consists of pericarp and seed combined. 1 1 , Two styles with feathery 
stigmas. 

Pig. 764.— Vertical section of the Caryopsis (fruit or grain), with the upper portion efit off. 

1 1 Integuments of the caryopsis and of the seed united, p p, Pensperm. e , Embryo, r. Radicle. 
e a. Cotyledon. /, Slit corresponding to the plumule. 

plumule ~ ^ mbryo 8e I )ar,ltci r » Radicle, c a, Cotyledon. f % Slit corresponding to thf 
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ment is thus trimerous, and bears a relation to the scales or lodiculse. 
Mohl, on the other hand, states, that the inferior palea is not on a 
level with the other, and is in fact a bract from which the other is 
developed. From their alternate position, the parts of the flowers 
of grasses are in general looked upon as bracts, rather than as parts 
of a true perianth. The following may be given as a general view of 
the parts of the flower. 

1. Oater envelope : One or two glumes, the calyx of some authors, containing one or 

more flowers, with distinct insertions on a common axis. When one glume is 
suppressed it is the exterior or lower. 

2. Inner envelope : One or two paleae, corolla of some authors, calyx of J ussien. 

Inner or U|» •or palea sometimes suppressed. This palea (valve) consists usually 
of two confluent \alves, as shown by two ribs equidistant from the axis. Hence 
this envelope is, according to some, a ternary perianth. 

8. Squamulffl (scales, lodicube, or glumellulas), occur within the last envelope, and 
at the base of the ovary. 

Grasses are found in all quarters of the globe, and are said to form 
about part of known plants. In tropical regions they sometimes 
assume the appearance of trees. They generally grow in great quantity 
together, so as to receive the name of social plants. The order has 
been divided into numerous sections, founded on the number of flowers 
in a spikelet, their hermaphrodite, unisexual, or polygamous nature, 
the number and form of the different sets of bracts, and the nature of 
the fruit. Lindiey enumerates 291 genera, including about 3,800 
species. Examples — Oryza, Zea, Phalaris, Panicum, Stipa, Agrostis, 
Arundo, Ecbioaria, Chloris, A vena, Bromus, Festuca, Bambusa, 
Lolium, Triticum, Hordeum, Nardus, Rottboellia, AndropogoD, Sac- 
cbtfrum. 

1100. This is one of the most important orders in the vegetable 
kingdom, whether we regard it as supplying food for man, or herbage 
for animals. To the former division belong the nutritious cereal grains, 
as Wheat {Triticum), Oats ( Avena ), Barley {Hordeum), Rye ( Secale), 
Rice {Oryza), Maize {Zea), Guinea-corn and Millet (Sorghum and 
Panicum) ; to the latter, the various pasture grasses, as Rye-grass 
(Lolium), Timothy-grass ( Phleum ), Meadow-grass ( Poa ), CockVfoot- 
grass (Dactylis), Sweet- Vernal- grass ( Anthoxanthum ), Fescue (Festuca), 
Dog’s- tail -grass (Cynosurus), &c. The grains of many other grasses 
are used for food. Zizania aquatica supplies a kind of rice in Canada, 
Setaria germanica yields German millet, Panicum miliaceum gives a 
kind of millet in India, and Andvopogon Sorghum has been sent to this 
country under the name of Durra, an Indian grain. Phalaris cana - 
rfertfris is the source of the common Canary seed. The cereal grains 
Rave been so extensively distributed by man, that all traces of their 
native country are lost. They seem to be in many instances examples 
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of permanent varieties or races kept up by cultivation ; some say 
that wheat is a cultivated variety of JEgilops ovata , Their grain 
or caryopsis contains a large amount of starch (figs. 85, 86) and gluten. 
The grasses used for fodder in some parts of the world attain a large 
size, such a sAnihistiria australis , the Kangaroo-grass of New Holland, 
Tripsacum dactyloides , the Grama-grass of Mexico, and Dactylis ccespi - 
tosa , the Tussac-grass of the Falkland islands. Some of these are five 
or six feet in height, and are, nevertheless, sufficiently delicate to be 
used as food for animals. The Tussac has been introduced into this 
country, and it thrives well in peaty soils within the influence of the 
sea spray. 

1101. Sugar is a valuable product obtained from many grasses. It 
has been procured in Italy from Sorghum saccharatum, sweet Sorgho ; 
in China, from Saccharum sinense ; in Brazil, from Gynerium saccha- 
roides; in the West Indies, from Saccharum violaceum; and in many 
other parts of the world, from S. officinarum. The last two are com- 
monly known as Sugar-cane, and they are generally considered as 
varieties of a single species, Saccharum officinarum, which is now widely 
spread over various parts of the world. Six or eight pounds of the 
saccharine juice of the plant yield one pound of raw sugar. The fol- % 
lowing were the imports of unrefined sugar into Great Britain in 
1859:— 


British West Indies and Guiana 3,215,223 cwts. 

Mauritius 1,130,886 — 

British East Indies 877,971 — 

Java and Philippine Islands 476,091 — 

Cuba, Porto-Rico, and Brazil 2,906,148 — 

Other Countries 383,064 — 


Total 8,988,883 cwts. . 


1102 Some grasses have a very agreeable fragrance. This has been 
remarked in Anthoxanthum odoratum , which is hence called sweet- 
scented vernal grass, and is said to impart the odour to new-made hay. 
This odour lias been referred to the presence of benzoic acid. A 
fragrant oil is procured from some species of Arulropogon, as A. 
SchoBnanthus , Lemon-grass, and A. Calamus aromaticus, which seems 
to be the rpp, or OttO the Sweet-cane of the Bible. Grasses 
contain a large quantity of siliceous matter in their stalks. This 
is deposited so as to form part of their structure, and in some 
case9 it accumulates in the joints. The tabasheer in the joints 
of Bambusa arundinacea, the Bamboo, is composed of silica. 
This is one of the tree-like branching grasses, which sometimes 
attains a height of fifty or sixty feet It shoots up with 
rapidity. In the Edinburgh Botanic Garden the young shoots 
attain a height of thirty or forty feet in a few months*, and the 
late superintendent (Mr. W . M‘Nab) measured, during a long summer 
day, a growth of the young stem to the extent of nine inchfil. 
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MoWof thy gptde* of Buubeo have hollow items, which often attain a 

^^S^TS^^n, G i% d0<f K nit; “ t ‘ 0nS * specie* of Bamboo 

(if. Ty*m) having a stem 18 inches m arcumfereoce, and attaining 

• height of 50 to 100 feet The touch-paper of the Chinese is made 
fro» * rsuiotjr of Bamboo, bv beating the young shoots flat, steeping 
them in a lime pit for a month* and then washing and drying. A kind 
of paper is made from the Bamboo in India. Its young shoots are 
used as pickles. The hollow stems of some reeds in warm climates 
•apply refreshing water to travellers, 

1103. The stems of some grasses ran under ground, and form a 
scat of net- work, which is useful in consolidating the sand of the sea 
shore, Elymus arenaritis and AmmopJtila (Psatntna) arenaria consti- 
tute the Bent and Marram of the British shores. This tendency to 
creep under ground renders some grasses, such as Triticum repen#. 
Couch-grass, difficult of extirpation. The grains of some grasses are 
used for ornaments. Beads are made from those of Coix Lachryma , 
commonly called Job's- tears, from their form and hardness. A few 
grasses, as Bromus pur gems and catharticus , have purgative properties ; 
and one, Lolium temulentum ( infelix lolium), Darnel* grass, is poisonous. 
*Some suppose that it is the gi£uvi* f tares, of Scripture. The grains 
of Rye, and other grains, are liable to a disease called Ergot* depend- 
ing on the attack of a fungus which alters the texture of the ovary, 
and makes it assume an elongated spurred form. The Ergot of Rye, 
or spurred Rye, has a peculiar effect in promoting the contraction of 
the uterus, and is on this account used in medicine. Ergotted rye, 
when regularly used for food, has the effect of causing what has been 
called convulsive and gangrenous ergotism, the former disease being 
distinguished by insensibility and convulsions, ending in death ; the 
latter by dry gangrene, which attacks the fingers and toes, causing 
sloughing of these parts, and sometimes proving fatal by exhaustion. 
The poisonous effects of Ergot are attributed to the presence of a 
fixed oiL 


SECTION II.— CRYPTOGAMOUS PLANTS. 

Class III — Acotyledonf.s, Jum. Celix la res and MoNO-CRTPToCASLfi, VC. 
TiiALLoruYTA and Acrobrya, Endlich Thallogkns and Acrogenw, Lisidl. 

1104. The plants belonging to this class are in some instances 
composed entirely of cellular tissue ; in other instances both cells and 
vessels are present. The vascular tissue in the higher orders consists 
partly of closed spiral and scalariform (fig. 02) vessels. Many of them 
have no true stem nor leaves. The tcoody stem, when present, 
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consists of simultaneous vascular bundles, which increase in an acn>- 
genous manner (f 103). The stem of Tree* ferns (which illustrates 
this class) is unbranched, more or less uniformly cylindrical, hollow in 
the interior, and marked bv the scars of the leaves (fig. 116). Stomata 
occur in the epidermis of the higher divisions. Leaves, when present, 
have frequently no true venation, at other times the venation is forked. 
There are no flowers, and no distinct stamens nor pistils. Reproduction 
takes place in some cases apparently by the union of cells of different 
kinds (antheridia and pistillidia) 492), by means of which ger- 
minating bodies called spores are formed (fig. 498). In other cases it 
is difficult to trace this process of fertilization. The spore may be con- 
sidered as a cellular embryo which has no cotyledons, and germinates 
from any part of its surface, being beterorhizal 591, fig. 530), 


Subclass 1 .-— ACROGEN^E OR CORMOGEXAt.* 

1105. Acotyledons, having usually distinct stems and leaves, stomata, 
a certain amount of vascular tissue, and thee© or cases containing 
spores. This subclass corresponds in a great measure with the division 
of Cormophyta, called Acrobrya by Endlicher, and with the Folios© 
or JEtheogamae of De Candolle. 


1106. Order 212. — Eq«i»ctace*, the Horse-tail Family. Stem 
striated, hollow, usually branched, containing much silica in its com- 
position, articulated, the joints being separable, and surrounded by a 
membranous toothed sheath. There are no true leaves, green-coloured 
branches having a straight vernation occupying their place. The 
cuticle exhibits a longitudinal series of stomata. A spiral structure is 
observed in some of the vessels Reproductive organs collected into 



cones; spore-cases (thecse or sporangia) attached to the lower surface 
of peltate polygonal scales (fig. 766), and opening by an internal 


* 'A >t fa., summit, ***^6*, a stalk or stem, and to produce. 

Figs. 766-769.— Reproductive organs of Equisetum. to illustrate the natural order Equisetacem. 
Fig. 766.— A peltate or polygonal scale, e , taken from the terminal cone-like fructification of an 
Equisetum. c. Thecae or spure-cases arranged in a verticil on the under surface of the scale. 
P, Stalk bv which the scale is attached to the axis. . , 

Fig. 767.— <, Spore-case seen on its inner surface, with the slit or opening by which the spores 
are discharged. 

Fig. 768. -A spore, s, with the two cJavate filaments rolled up in a spiral manner around it 
Fig, 769.— Spore, a with the two filaments, which are clavate at each extremity, unrolled. 
These filaments or elaters are hygrometric, and move about under the influence of moisture. 
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longitudinal fissure (fig. 767) ; spores in the form of rounded cells, 
surrounded by 2 elastic, club-shaped, hygrometric filaments or elaters 
(figs. 768, 769). — Plants with simple or branched stems, the branches 
being jointed and placed in whorls at the articulations of the stem, each 
whorl consisting of as many branches as there are teeth in the sheath. 
Found in ditches, lakes, and rivers, in various parts of the world. In 
South America, Gardner measured an Equisetum fifteen feet high, and 
three inches in circumference at the lower part of the stem. There is 
only 1 known genus, comprehending about 12 species. Example — 
Equisetum. 

1107. From the quantity of silicic acid contained in them, some of 
the species of Equisetum are used in polishing mahogany. An analysis 
of them is given at % 226. The spiral filaments which surround 
their spores are interesting objects under the microscope, exhibiting 
marked movements according to the moisture or dryness of the atmo- 
sphere around them. The stomata are arranged in lines on the 
cuticle. In Equisetum hyemale, often called Dutch Rushes, the sili- 
ceous stomatic apparatus is well seen after the action of nitric acid on 
the stem. There are regular rows of tubercles of a siliceous nature, in 
each of which is a transverse fissure, and at the bottom of the fissure 
a stoma is placed, with its opening at right angles to that of the 
tubercle. Each portion of the stoma has a pectinated (comb-like) 
appearance. The distinctions between the species of Equisetum are 
founded on the nature of the fertile and barren stems, the number of 
striae or furrows, and the number of teeth at the articulations. 

1108. Order 213. — Fiiice*, the Fern Family. Stem, a rhizome 
(fig. 770), which creeps along or under the surface of the ground, 
emitting descending roots and ascending fronds (leaves), or which rises 
into the air so as to form an acrogenous trunk (fig. 116). This trunk 
(stipe) is of nearly uniform diameter, is hollow in the interior, marked 
on the hard outer rind by the scars (cicatrices) of the leaves, and con- 
tains vascular bundles of woody, dotted, and scalariform vessels, which 
are enclosed in hard plates, and are arranged in an irregular manner 
(fig. 117)* Sometimes the trunk is dichotomous (fig. 118). The outer 
fibrous covering is formed by the bases of the leaves, and is thicker at 
the lower than at the upper part of the stem. The leaves (fronds) have 
acircinate (gyrate) vernation (fig. 770 /'/") ; their veins are generally 
of equal thickness, and either simple or dividing in a forked manner 
(fig. 771), or somewhat reticulated, and occasionally stomata occur. 
Reproductive organs, consisting of spore-cases (thecas, sporangia), 
which arise from the veins on the under surface of the fronds (figs. 
770 /*", 771 «, 772), or from their margin. Spore-cases, either 
stalked, with the pedicel passing round them in the form of an elastic 
ring (fig. 773), or sessile and destitute of a ring. The thecae some- 
times arise from the surface of the frond ; while at other times they 
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spring from below, having a cuticular covering in the form of an 
indusium or involucre (fig. 771). The clusters of thecae are called 


sori (fig. 772). The margin of 
the frond sometimes is folded so 
as to cover the thecae, and at times 
the whole frond is converted into 
clusters of thecae. The subject of 
embryogenic growth in Ferns has 
latterly attracted much attention. 
It is now believed that the 
prothaUium simultaneously bears 
antheridia and archegonia. The 
antheridia occur in the under sur- 
face of the prothaUium, and con- 
sist of cellular papillae, having a 
central cavity. This cavity contains 
free cellules, within each of which 
a ciliated spiral filament or sper- 
matozoid rests. This cavity dis- 
charges those cellules by a rup- 
ture at its apex. The spiral fila- 
ments then burst the cellules, and 
being set free reach the cellular 
body containing the embryo- 
germ, or archegonial cell, em- 
bedded in the substance of the 




prothallus. The archegonia are larger than the antheridia, and present 
a canal leading to the germ-cell, which canal remains closed till the 
period when the spermatozoid is matured. Mercklin noticed spermato- 
zoids entering the canal of the archegonium. After fertilization the ar- 
chegonial cell enlarges, developes numerous cellules, and forms the true 
eporangifepous frond of the fern. — Ferns abound in moist insular cli 
mates. They characterize the New Zealand Flora. They are elegant 
leafy plants, occurring chiefly in moist insular climates, and abounding 
in the tropical islands. In inild and warm climates they occur in the 
form of large Tree-ferns, fifty to sixty feet high, which give a char- 


Fijr. 770 —Rhizome of Seolopendrinm officinale, with several fronds (leaves), f\ f", f‘% 

In different degrees of development. In/' and/", the cireinate or gyrate vernation is seen. In 
f the linear transverse sort or closure of tbcc* are seen, having the appearance of dark lines 
on the lower surface of the frond. 

^FJgs. 771-773.— Frond and fructification of Polystichum angular®, to illustr* e the natural order 

Fig. 771 — Part of the frond seen on the lower surface, p, Two pinnaa covered with sori, *, 
having an indusium. r, Raclila or central stalk of the frond. 

Fig. 772.— One of the sort or clusters m thee® cut vertically, n. The vein bearing it i, In- 
dufllum or fold of the frond covering it e, Thecee or sporangia (spore-cases). 

Fig. 773.— One of the thee® separated at the period of dehiscence. «, Incomplete annulos or 
ring, which is ellrtic, and causes transverse dehiscence of the theca, p, Stalk of the theua a, 
Spores discharged. 
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acter to the landscape. The theca of ferns has been looked upon as a 
modified leaf, having the same gyrate or circinate development as the 
frond. Leaves have occasionally been produced in place of thecae. 
Ferns having the thecae on the back of the frond, and furnished with 
an elastic ring or band, are called dorsiferous and annulate ; while 
those having no thecal ring are exannulate. 

1109. The order has been divided into several suborders:— 

1. Polypodies, thee® on the back of the frond, pedicellate or sessile, distinct, annu- 

late, ring vertical, usually incomplete, bursting irregularly and transversely. 

2. Hymenophylleac, thecae marginal or dorsal, nearly sessile, distinct, annulate, ring 

horizontal, complete, occasionally oblique, bursting lengthwise. 

3. Osmunde®, thecae dorsal, or forming a separate stalked mass (an altered frond), 

distinct, with a terminal or dorsal ring more or less incomplete, bursting length- 
wise. 

4. Ophioglosse®, thecae collected into a spike, formed at the edges of an altered frond, 

distinct, exannulate, two-valved. 

5. Dan®e®, thee® united in masses, exannulate, opening irregularly by a central 

cleft. 

The generic characters of Ferns are founded on the position and direc- 
tion, covered or uncovered nature of the sori, as well as on the venation. 
Lindley notices 192 genera in his Filical Alliance, including upwards 
of 2,000 species. Kunze estimates the species at 3,000. There are 
not above 700 species cultivated in Europe. In 1846 there were 387 
species grown in the Royal Garden at Kew. Examples — Polypodium, 
Aspidium, Lastrea, Grammitis, Adiantum, Pteris, Davallia, Woodsia, 
Cyathea; Hymenophyllura, Trichomanes, Aneimia, Lygodium ; Os- 
munda ; Ophioglossum, Botrychium ; Dansea. 

1110. Few of the Ferns are used medicinally. They are in general 
demulcent and astringent. Some yield food. The rhizome of Lastrea 
Filix-mas, Male-shield fern, has been used as a vermifuge, especially in 
cases of tape-worm. It contains starch, gum, saccharine matter, tan- 
nin, green fixed oil, and resin. Its properties are ascribed to the fixed 
oil. The rhizome has been used for tanning, and its ashes contain much 
carbonate of potash. The syrup called capillaire, and certain pectoral 
mixtures are prepared from Adiantum pedatum and A. Capillus Veneris. 
The rhizome of Pteris esculenta is used as food in Australia, and that of 
Marattia alata in the Sandwich islands. Many other species of Ferns 
are esculent. The stems and leaf-stalks of Ferns are often covered 
with scales, and with woolly matter. One {Davallia canariensis) is 
called Hare’s-foot Fern on this account, and another (Aspidium Baromez) 
receives the name of Scythian or Tartarian-lamb, because, when pre- 
pared in a particular way, it resembles that animal. 

1111. Order 214. — itiar«iieacese, or Rhizocarpeas the Pepperwort 
Family. Stem wanting. Leaves often stalked, with the lamina 
divided into three or more wedge-shaped pieces, sometinfes the lamina 
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is abortive ; vernation circinate. Reproductive organs near the root 
or along the petiole, enclosed in an involucre ; these organs are of 
two kinds: — 1. Stalked or sessile clustered membranous sacs, con- 
taining minute granules, which some consider as pollen ; hence the 
bodies are called anthers. 2. Membranous sacs, containing cells 
which divide into four, one of which only is developed as a germinating 
body ; the sacs have been called ovule-sacs, and the single developed 
cell is considered by some as an ovule which is impregnated by the 
so-called pollen. The thecae are the bodies from which germination 
proceeds — Creeping or floating plants, found in ditches and pools in 
various parts of the world, more especially in temperate climates. 
They are not put to any important use. There are 4 genera, and 
upwards of 20 species. Examples — Marsilea, Pilularia, Salvinia. 

1112. Order 215. — Y.ycopodiacew, the Club-moss Family. Stems 
creeping or corms ; annular vessels in the axis. Leaves imbricated, 
more or less setaceous, sometimes subulate. Thecse axillary and ses- 
sile, 1-3-celled, opening by valves or indehiscent; often of two kinds. 
One, round, reniform, or crescentic, consisting of antheridian cells, 
with spermatozoids ; the other, called oophoridium (o»6v, an egg, and 

< pogtu , I bear), of a roundish or tetrahedral form, opening by twc 
valves, and enclosing four large spores capable of germinating ; these 
spores contain an internal prothallus on which archegonia are formed. 
In Jsvetes the two kinds of reproductive bodies are embedded in the 
substance of the base of the leaf. — They are moss-like plants, inter- 
mediate between ferns and mosses, and in some respects allied to 
cone-bearing plants. A species of Lycopodium from Jamaica has a 
green hue during the day, and turns white to the eye at night. They 
abound in warm, moist, insular climates. There are 6 genera, and 
about 200 species. Examples — Lycopodium, Selagmella, Isoetes. 

1113. Some of the Lycopodiums are emetic and cathartic. The 
powdery matter in the thecse is inflammable, and has been used as a 
substitute for sulphur, under the name of Lycopode or vegetable 
brimstone. It is also employed to cover pills, so as to prevent their 
being acted upon by moisture. Lycopodium squamatum , a Brazilian 
species, coils up into a ball during the dry season, and unrolls during 
the wet season. 

1114. Order 216. — niusci, the Moss Family. Plants having a dis- 
tinct axis of growth, often giving off branches or innovations; no 
vascular system. Leaves minute and imbricated (fig. 774/), entire, 
or serrated ; sometimes with condensed cells in the form of ribs or 
nerves. Reproductive organs of two kinds : — 1. Antheridia (fig. 368), 
cylindrical or fusiform stalked bags, containing minute cells with sper- 
matozoids (fig 368, 3), and mixed with empty jointed filaments or 
parapbyses (naedpvotg, an offset). 2. Urn-shaped pistillidia (fig. 777), 
enclosed at first within a calyptra (xaA.wrrga, a covering), which is 
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ultimately carried up with them (fig. 775 c), leaving often a sheath 
(vaginula) round the bottom of the fruit-stalk. These pistillidia 
finally become the thecae (fig. 774) or spore-cases, supported on a 
stalk or seta which has leaves at its base, called perichaetial (xi^i, around, 
and a bristle) leaves ; on removal of the calyptra, the theca is 



found to consist of a case with an operculum or lid (fig. 776), which, 
when it falls off, shows the mouth of the urn either naked or crowned 
with a peristome around, and aro/wce, mouth), consisting of one 
or more rows of teeth (in number, four, or a multiple of four), distinct, 
or united in various ways (fig. 776 p). In the centre of the theca is a 
columella (fig. 777 c), and the bag formed between it and the parietes 
of the theca, contains spherical cells called spores, each of which divides 
into four small spores or sporules, the germinating bodies (fig. 777). 

Fig# 774-777. —Figures to illustrate the natural order Muscl 

Fig. 774.— Funaria hygrometrica slightly magnified. / ; Leaves, those connected with the 
seta being called perichaetial. «, Urn-like theca, sporangium or spore-case supported on a long 
twisted stalk or seta, p, c, Calyptra, which exists on one of the thee®, and has fallen from the 
other, o. Operculum or lid. 

Fig. Tib —Theca of Encalypta vulgaris, u. Theca or spore-case, c, Mitriform entire calyptra. 
o, Operculum or lid. *, Top of the seta. The calyptra is transparent, and the operculum and 
theca are seen through it 

Fig. 776.— The same theca, «, with the calyptra removed, o, Operculnm detached, showing 
the peristome, p, with Its sixteen cilia or teeth. 

Fig. 777 Very young theca of Bplachnum cut longitudinally, a, ApophysiB or swelling of 

the seta at the base of the theca, c, Central columella. *, Cavity or bag between the columella 
and the walls of the theca, containing sporea The integument of the theca is formed of different 
cellular layers ; the first, «, forms the epidermis, and is thickened at the summit to form the 
operculum ; there are then two intermediate layers, which ultimately form the teeth of the 
peristome ; and lastly, an inner integument, «, which forms the parietes of the spore-bearing 
cavity. 
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‘ In some cases the operculum remains persistent and the theca opens 
by four valves. At the base of the theca there is occasionally a fleshy 
protuberance at one side called a struma, or a swelling of the seta 
called an apophysis (eLvoQvatg, excrescence), (fig. 777 a). The calyp- 
tra is sometimns split on one side (dimidiate), at other times it is entire 
(fig. 775 c) or split into short clefts all round its base (mitriform). 
Between the teeth of the peristome and the edge of the theca, an elastic 
ring or annulus is formed ; and occasionally a horizontal septum or 
epiphragm (pf&yAta, a partition) extends across the mouth of the 
thecae. The set® are sometimes twisted, and so are the teeth of the 
peristome. — Mosses are either erect or creeping, terrestrial or aquatic 
plants found in all moist countries, extending from the arctic to the 
antarctic regions. They abound most in temperate climates. They 
are among the first plants which appear on newly-formed islands. In 
speaking of the morphology of mosses, Lindley states that the calyptra 
may be considered as a convolute leaf, the operculum another, the 
peristome one or more whorls of minute flat leaves, and the theca 
itself as the excavated distended apex of the seta. I have a specimen 
of Tortula fallax, which I received from the late Mr. E. Quekett, in 
which leaves appear at the top of the seta in place of the spore-case. 

1115. Mosses have been divided according as their seta is terminal 

( acrocarpi, summit, and fruit), or lateral ( pleurocarpi , 

**ived side), according as the operculum is adherent or not, and 
according as the mouth of the theca is naked, or has a single or 
double peristome. Divisions have also been adopted, founded on the 
position of the antheridia and pistillidia, &c. Lindley separates Andrsea 
from true Mosses, on account of its spore-case opening by four valves. 
According to him there are 46 known genera, and upwards of 1,100 
ipecies. Examples — Andraea, Phascum, Gymnostomum, Splachnum, 
Drthotrichum, Dicranum, Bryum, Funaria, Polytrichum, Hypnum, 
Sphagnum. 

1116. Order 217. — Hepatic^, the Liverwort Family. Plants 
laving an axis which either bears cellular leaves (fig. 778), or is lenf- 
ess and is bordered by a membranous expansion or thallus. Stomata 
re found in the epidermis of some. The reproductive organs are — 
. Antheridia, which are either embedded in the frond, or situated on 
ounded sessile and stalked receptacles. 2. Pistillidia, either enclosed 
i involucres and solitary (fig. 778 i i), or occurring at the edge of the 
ond, or on the lower side of stalked peltate expansions (fig. 412). 
'hecse or developed pistillidia, having no operculum, opening irregu- 
irly, or by four valves (fig. 778). Spores (fig. 498) often mixed 
ith spiral filaments called Elaters (fig. 779). Heterorhizal in germina- 
on (fig. 530). — Terrestrial plants found in damp places, or inliabit- 
ig water ; some having a moss-like appearance. They are natives both 

* cold and warm climates, and are generally distributed over the globe, 

2 b 2 
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1117. The order has been divided into three sections: — 1. Mar- 

chantiese: thecae collected in heads, 
bursting irregularly, no operculum, 
spores with elaters. 2. Jungerman- 
nieae : thecae solitary, opening by four 
valves, no operculum, spores with 
elaters. 3. Riccieae: thecae solitary, 
decaying so as to allow the spores 
to escape, no operculum, no elaters 
(fig. 411). Many of the Hepaticae 
produce gemmae or buds, which are 
developed on the frond in the form 
of cup-shaped receptacles, and ulti- 
mately fall off so as to become dis- 
tinct plants. Marchantia hemispherica 
has been recommended in dropsical 
There are, according to Lindley, 65 genera, and about 700 
species. Examples — Marchantia, Jungermannia, Riccia. 
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Subclass 2. — THALLOGENAi* or Cellulares. 

1118. Acotyledons composed entirely of cellular tissue, having no 
distinct axis, nor leaves, nor stomata, propagated by means of spores, 
which are often enclosed in asci. It corresponds to Endlicber’s divi- 
sion of Thallophyta, and includes the Amphigamse of De Candolle. 

1119. Order 218. — Lichenc*, the Lichen Family. Plants forming 
a thallus, which is either foliaceous, crustaceous (fig. 780), or pulveru- 
lent ; these different forms depending on the mode in which the cells 
are developed and combined. The reproductive organs appear on the 
frond in the form of protuberances of various kinds, consisting of an 
outer layer of thick-walled roundish cells, more dense than the tissue 
of the thallus, and of a different colour (fig. 782 c c), and of an internal 
medullary layer of paraphyses and sporangia, lying perpendicularly to 
the outer layer (figs. 782 cm , 781 t p). The fructification gradually 
projects more from the surface, and either remains covered with the 
outer layer, or bursts through it. When it remains closed, there is a 
nucleus in the centre. When the fructification bursts through the 
cortical or outer Layer, it expands in the form of shield-like discs, called 

* a green leaf, I produce. 

Figs 778, 779.— -Organs of fructification of Jungermannia TamariSci, to illustrate the natural 
order Hepaticae. 

Fig. 778. Branches covered with imbricated leaves, arranged in a distichous manner. Two 
of the branches bearing thecse, supported on stalks which arise from an involucre at the base. 
i 4, Involucres c, Theca closed in the young state. & t Theca opening by four valves to discharge 
the spores and elaters. 

* Fig. 779.— r, Receptacle bearing elaters, e, or spiral filaments, one of which shows the double 
spiral fibre. *, Free spores. 
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apothecia (bLtq^ ten, a repository), or patellae (figs. 780 a, 781 a) (patella, 
a hollow disk), or linear expansions called lirellqe (ZtVa, a furrow). 
Sometimes the cortical matter forms a border round the fructification, 



at other times it grows up in the form of a stalk, so as to give rise to a 
podetium (novi, a foot). The young thecae (asci) contain spores, vary- 
ing from 4 to 8 (fig. 413), or from 12 to 16. Occasionally, the spores 
are in sets of two (fig. 413, 2). Separated cells of the medullary 
layer, of a green colour, called gonidia (yon % generation, and tloo;, 
resemblance), or gongyli, are considered as another kind of reproduc- 
tive organ. There are also capsular bodies called spermogones, con- 
taining minute linear cells or spermatia, which are often supported 
on stalks or sterigmata. Besides these, pycnides or bodies like sper- 
mogones occur, containing spore-like cells, called stylospores.* — 
Lichens are found in all quarters of the globe, adhering to stones, 
rocks, trees, &e. They derive much of their nourishment from the 
atmosphere. They have the power of acting od hard rocks, so as to 
disintegrate them ; and many of them contain much inorganic matter 
in their composition. They all grow in the air; none are found 
submersed. Examples — Urceolaria, Umbilicaria, Lecidea, Cladonia, 
Parmelia, Cetraria, Roccella, Evernia. 

* See Dr. Lauder Lindsay’B paper on Lichens, in Trans. Royal Soc. Edin., voi. xjcu. 

Figs. 780-782.— Organs of fructification of Parmelia Acetabulum, to illustrate the natural order 
Lichenes, section Hymenothalameae. 

Fig. 780 — t, Thallus of the Lichen. *, Apothecla in the form of shields in different degrees 
of development 

Fig. 781 — Apotheclum, a, cut vertically and magnified in order to show the layer, tp, formed 
by the union of thecae and paraph j sea. 

Fig 782. — A small portion of the apotheclum much more magnified, showing, c m* the central 
medullary layer, c c. The cortical layer, t U Thee® in different degrees of development p. 
Paraph yses. 
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1120. The order has been divided into four sections: — 

1. Hyraenothalamete (! a membrane, a receptacle) : shields open, discoid 

permanent nucleus bearing the sporangia on its surface (fig. 780). 

2. Ga8terothalamei£ (y*<rr^, a belly): ghields either closed always, or opening by 

bursting through the cortical layer of the thallus, the nucleus containing the de- 
liquescing or shrivelled sporangia, 

3. Idiothalame® (ft/**, peculiar) : shields dosed at first, opening afterwards, contain- 

ing free spores in a nucleus composed of the gelatinous remains of the paraphyses 
and sporangia. 

4. Coniothalamese (*<W , powder), pulverulent lichens ; shields open, without a nucleus, 

cavity filled with free spores. 

1121. Lichens furnish articles of food and important dyes. Cetraria 
islandica , commonly called Iceland Moss, contains a nutritious matter 
called Lichenin, or Lichen-starch. There exists in it a bitter principle 
also, to which the name Cetrarin has been given. The plant is used 
as a demulcent and tonic, in the form of decoction or jelly. Cladonia 
ranyiferina is a Lichen upon which the Reindeer feeds. Several species 
of (lyrophora constitute the Tripe de Roche, on which Franklin and 
his companions subsisted for some time. Many other Lichens, such 
as Sticta pulmonaria and species of Lecanora , furnish articles of food. 
Roccella thictoria from the Canaries, and R. fuciformis, furnish valuable 
dyes, under the name of Orchil or Archil. The dye procured from 
them, and from other Lichens, is called Litmus. Lecanora tartarea 
supplies the dye called Cudbear. Pamelia pxvietina contains a yellow 
colouring matter called Parietin or Chrysophanic acid. Some species 
of Variolaria contain a large quantity of oxalate of lime. Some plants 
of the order are aromatic. 

1122. Order 219. — Fuugi, the Mushroom Family. The plants be- 

longing to this order consist of cells, sometimes round, sometimes 
elongated in the form of filaments, either placed closely together or 
separated. They are variable in their consistence, beiDg soft or hard, 
fibrous or gelatinous, fleshy or leathery. They never contain green 
gonidia like Lichens, and they rarely grow in water. There exists a 
vegetative system called spawn or mycelium (fxvxYig, fungus), formed 
of elongated, simple, or articulated filaments, concealed jvithin the 
matrix, or expanded over its surface, from which varied forms of fruc- 
tification proceed. The mycelium occurs either in a filamentous, a 
membranous, a tubercular, or a pulpy form. The reproductive organs 
consist of spores or spherical cells (usually 4 or some multiple of 4), 
which are either attached to the cellular tissue, and supported often 
on simple or branched filameutous processes (fig. 785, 787 b) called 
sporophores (aTrogd, a spore, and I bear) or basidia (jZetcig, a 

base) ; or are contained in fhec© ( theca, , a sac), cystidia {xvang. a blad- 
der), or asci («<rxoV, a bag), (fig. 785 c), accompanied with bodies 
called antheridia or paraphyses ; in the latter case, the term sporidia 
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is sometimes applied to the spores. The sporophores sometimes end 
in delicate cells beating the spores, and called sterigmata (ar^Iy/**, a 
support). In the Agarics or Mushrooms, which are among the best 

781 781 



known fungi, there is observed first a roundish protuberance on the 
mycelium. This swelling is called the volva or wrapper, and it gra- 
dually enlarges, containing in its interior what appears afterwards as 
the agaric with its reproductive bodies. When the volva is ruptured, 
the fully-formed agaric Is seen, consisting of an upper rounded portion 
cajled the pileus or cap (fig. 783 c c), supported on a stalk or stipes 
(fig. 783 p ). On its under surface is situated the hymenium 
membrane), or the part where the spores are produced (fig. 783 h ), 
covered at first by a thin membrane called a veil (indusium or velum), 
which is ultimately ruptured ; and when the rupture takes place at the 
edge of the pileus, an annulus or ring is left on the stipes (fig. 783 a a). 
The hymenium, or the part on which the organs of reproduction are 
placed, consists in the agaric of cellular plates, lamellae, or gills, radiating 
from the centre (fig. 783 h). In other genera of Fungi (fig. 786) it 


Figs. 783-787.— Figures to illustrate the natural order Fungi. 

Fjg 783. -A cluster of plants of Agaricus campestrls, Mushroom, in different stages of de- 
velopment. ®, Stipe or stalk, cc c, Pileus, hat or cap. v , Velum or indusium which unites the 
pileus and stipe, and when ruptured forms the annulus or ring, a a. A, Lamellae or gills radiating 
from the centre, on the under surface of the pileus, and bearing the hymenium or receptacle of 
the spores. 

Fig 784.— Hymenium seen from above, the spores, 6, being scattered over It in sets of four 
(quaternary). 

Fig. 783 —A small portion of the Hymenium much magnified and viewed laterally. * A, Its 
tissue composed of cells, b, Basidia or sporophores bearing the spores ; one ot thes^ is figured 
separately, bearing a large number of spores c, Cystidia or thecae. 

Fig. 186.— A small portion of the pileus of Clathrus cancehatus, in the form of a sort of net- 
work. The Hymenium covers its inner sui.'^ce. and is seen following the contour of the lacuuaa, 
l i, of the net-woik 

Fig. 787.— Hymenium much more highly magnified to show the particular form of the batldra, 
6. «, Spores. 
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consists of tubes or solid columns, or fleshy or gelatinous matter. 

Sometimes the hymenium is on the upper surface of the fungus. 

Cellular plants, often growing on decaying organic matter, generally 
very fugacious, and presenting various colours. They are found in all 
parts of the world. 

1123. The following are the divisions usually recognized, as defined 
by Berkeley: — 

1. Hymenomycetes (i^», a membrane, and a fungus) : Hymenium naked, 

spores in sets of four (fig. 784 5), and borne on distinct sporopbores (figs. 78 3, 
785). 

2. Gasteromycetes a belly) : Hymenium enclosed in a membrane (peridium), 

spores as in section 1 (figs. 786, 787). 

3. Coniomycetes (*<» <r, powder) : Flocci of the fruit obsolete or mere peduncles, 

spores single, often partitioned, and on more or less distinct sporophores. 

4. Hyphomycetes I weave) : Thallus floccose, spores naked, often septate. 

5 Aacomycetes («**•;, a bag) : Sporidia (spores) contained often in sets of eight in 
asci or tubes. 

6. Physomycetes (<pu<rm t a bladder) : Thallus floccose, spores surrounded by a vesicular 
veil or sporangium. 

Under these sections Berkeley enumerates 598 genera, including about 
4,000 species. Examples — Agaricus, Polyporus, Hydnum, Clavaria; 
Phallus, Geaster, Bovista, Craterium, Nidularia ; Bactridium, Torula, 
Uredo, ACcidium ; Ceratium, Tubercularia, Botrytis, Penicillium ; 
Helvella, Peziza, Tuber, Erysiphe, Onygena; Phycomyces, Mucor. 

1124. The plants of this order deserve attention, whether we regard 
their esculent or their poisonous qualities, or the destruction which 
they cause by their parasitic growth. In this country the chief 
species eaten are Agaricus campestris , the common Mushroom, Agari- 
cus Oeorgii , Morchella esculenta and other species of Morel, Tuber 
cibarium, Truffle. In foreign countries, as in France, Italy, Germany, 
and Russia, numerous Fungi are used as food, which have acted as 
poisons in this country. The process of cooking, as well as the climate, 
may have some effect in modifying their qualities. Agaricus procerus 
is eaten abroad ; but a case of poisoning from it has been known to 
occur in Edinburgh. In Rome it is stated that the yearly average of 
taxed mushrooms, from 1837 to 1847, was between 60 and 80,000 
pounds weight. The finest mushroom is said to be the Agaricus 
Prunulus . Amanita muscaiia is a poisonous species, which is used 
as a means of intoxication in Kamtschatka. It is said to give this 
property to the urine of those who eat it. It is not easy to distinguish 
bettfeep edible and poisonous Fungi. It has been said that the latter 
are often highly coloured, have scales or spots on their surface, tough 
watery flesh, and grow in clusters on wet ground, and often in the 
shade ; while the former are seldom highly coloured, generally white 
or brownish, rarely show scales or spots, have brittle flesh, and grow 
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solitary in dry pastures, not in the ^ shade. In some cases Fungi 
form a staple article of food. Darwin states that the inhabitants of 
Tierra del Fuego live upon a globular fungus of a bright yellow colour 
(Cyttaria Darwinii ), found on the bark of the beech. Many species 
of Boletus are used as food in Western Australia, according to Drum- 
mond. Mylitta australis is known in Australia as Native Bread. 

1125. Some Fungi are limited to certain kinds of decaying matter. 
Many species of Onygena are found only on the dung, leathers, and 
hoofs of particular animals. Peculiar species of Mycoderma are deve- 
loped in vinegar, in yeast, and in flour. The rapidity with which 
Fungi sometimes grow is remarkable. Ward noticed Phallus impudi - 
cus shoot up three inches in the course of twenty-five minutes, and 
attain its full elevation of four inches in an hour and a-half. Bovista 
gigantea in a single night, has increased from the size of a pea to that 
of a melon. The force also with which they expand has been shown 
by their raising pavements under which they had been developed. 
Some Fungi, as Agancus oreades, cocdneus , and personatus, are deve- 
loped in a centrifugal manner, forming fairy rings. Certain species of 
Agaricus give out a sort of phosphorescent light. This has been re- 
marked in Agaricus olearius , Agaricus Gardneii, and some species of 
Agaric from the Swan River. A similar kind of light is produced by 
species of Bhizomorplia, which occur in coal mines. Polyporus fomen - 
tarius forms amadou, and it, as well as P. betulinus , have been made 
into razor- straps. 

1126. The diseases caused by Fungi are numerous (T 693-696). 
Blight, mildew, rust, and smut, are diseases of grain due to the attacks 
of Fungi. Dry-rot is owing to the presence of Merulius lacrymans and 
vastator , and Polyporus destructor , the mode of preventing which has 
been already alluded to (^f 699). The disease called ergot, which 
attacks Rye and other grasses, is produced by the Cordyceps purpurea 
(T 1103). The various moulds which occur on bread, cheese, pre- 
serves, and fruits, are plants of this extensive order. Penicillium 
glaucum is one of the most common moulds, occurring on organic sub- 
stances, on books, &c. A species of Racodium is found in low cellars, 
as at the London docks. Some Fungi are produced on living animals. 
Thus, the disease called muscardine in the silkworm is produced by 
Botrytis Bassiana . Certain wasps in the West Indies are affected by 
a similar disease. Sphceria sinensis , a celebrated Chinese drug, grows 
from a caterpillar ; Sphceria Bobertsii is developed on the larva of Hk- 
pialus viresctn8 in New Zealand ; and Sphceria Taylori on an Austra- 
lian caterpillar. So are also Sphceria sobolifera y entomorhiza , mihtaris , 
and others. Particular kinds of mould sometimes grow on the mucous 
membrane of birds. Some mycodermatous Fungi are connected with 
certain cutaneous and other diseases in the human species. Thus, 
cellular filaments called Porrigophytes are found in the crusts of 
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Porrigo favosa, Mentagraphytes in those of Mentagra or Sycosis mend, 
and Aphthaphytes in Aphtha. These are all forms of mould. 

1127. Order 220 . — ai**, the Sea- weed Family. Cellular plants 
found both in salt and in fresh water. Fronds composed of variously 
formed, often elongated cells, which are either simple or branched fila- 
ments, continuous or articulated, separate, or combined in different 
ways (fig. 29) so as to constitute fronds of various kinds (fig. 788). 
Growth takes place by the division of cells, or by cellular prolonga- 
tions, in the form of lateral branches. Reproductive organs consist of 
spores, which are contained in mother-cells or perispores (xigi, around, 
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and ano^d, seed), or sporocarps fruit). These are sometimes 

congregated together in receptacles of different sorts (figs. 788 c c, 
789). The spores occasionally divide into 3 or 4 cells, constituting 
tetraspores (tst^, four). In addition to spores or sporocarps (fig. 
791 8 there are ant^ridia, consisting of minute cells with sper- 
matozoids in their interior. In some of the simplest Algae, the whole 
plant is concerned in producing new individuals by division of the 
parent cells into 2 or 4. In others there is a union of 2 filaments, 
and a passage of certain granular particles (endochrome) from the 
one to the other, ending in the formation of the spore. This process 
is termed conjugation , and is one of great interest. It has been ob- 

Jjigs. 788-792. — Frond and organs of reproduction of Fucus serratus, to illustrate the natural 
order Algae. 

Fig. 788 — The entire plant much diminished in size. /. Frond composed of cells, so united as 
to form a flat expansion, c c, Conceptadea at the extremities of the fiond, containing the organs 
of reproduction. 

Fig. 789.— Extremity of the frond covered with conceptacles. 

Fig 790.— Vertical section of a conceptacle, c, with its inner surface covered with spores 
(sporocarps), and paraphvses, or antheridia. <, The superficial cellular tissue of the fiond, in 
which the conceptacle is buried, o, Foramen by which the conceptacle opens externally. 

Fig. 791.— Spore, $ p , covered with its perispore or sporocarp, p. /, Filaments or paraphysea, 
by some called antheridia. 

Fig. 792.— Spore, t, separated and deprived of its perispore or outer covering. 
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served in some of the Con fervacece and Diatomacece . In certain cases, 
the terminal cell of the filament is that in which a spore is formed 
without any conjugation, and in these cases the spore is frequently 
provided with ciliary processes, which exhibit for a time spontaneous 
movements (figs. 431-434) ; hence called zoospores. In the higher 
Algae, the sporocarps containing 2, 4, or more reproductive cellules, 
are united together in conceptacles along with antheridia containing 
phytozoa or spermatozoids (figs. 790, 791). In Characece there are 
two distinct organs of reproduction. 

1128. This extensive order has been divided into the following sub- 
orders : — 

1. Characea? : water plants formed of parallel tubes, which are sometimes encrusted 

with carbonate of lime; reproductive organs are of two kinds — a, a round red 
globule consisting of eightwahes which enclose cells of different, kinds, contain- 
ing granular matter and peculiar spiral filaments or phytozoa (fig. 361)) ; 6, an 
oval nucule formed by a laige central cell or spore, vuth five elongated cells 
wound spirally round it, surmounted by five teeth. Some consider the globule 
as an antheridium, and as equivalent to an anther. The nucule contains the 
germinating body. The rotation of granules takes place in the plants of the 
tribe (^[ 27 d, 27 fi). 

2. Fucacea?, the Sea- wrack tribe: usually growing in salt water; frond consisting of 

cells which are often united by gelatinous matter (tig. 29), and which sometimes 
form a broad expansion (a membranous thallus), supported on a stalk ; organs 
of reproduction consist of sporocarps and antheridia, contained in conceptacles 
opening externally (fig. 790), \n hich are united in club-shaped expansions or 
receptacles, situated at the end or margins of the fronds (figs. 788, 789). In 
germinating, the nucleus bursts the epispore or outer covering of the spore, and 
sends out filamentous processes. 

0. Floridea* or Ceramiaceie : rose or purple-coloured sea-weeds, with fronds formed of 
a single row of articulated cells, or of several rows of cells combined into a flat 
expansion ; organs ot reproduction consist of sporocarps or perhpores, intermingled 
with clavate filaments called antheridia. The sporocaeps contain cells or spores 
often divided into four (tetraspores), and enclosed m conceptacles of various 
kinds. 

Confervaceai : aquatic plants, often of a green colour, consisting of one or more 
cells of a rounded or cylindrical form, united together so as to lorm an articulated 
or fiat frond. They increase by the merismatic division of cells. Keproduction 
effected by spores which are formed in the interior of the cells by a change in 
the arrangement of the granular matter, or by the union of filaments of differ- 
ent plants, a process of conjugation, by which granular matter passes from one 
to the other. The spores are discharged by the opening of the cells, and they 
often have moving cilia (figs. 481-484). . 

Diatomacese: inhabiting still waters and moist places ; fronds consisting of frustula 
or fragments, which are either angular or cylindrical, often siliceous and brittle 
(non-siliceous in Desmidieee), united by a gelatinous sort of substance ; propa- 
gated by the division of parent cells into two halves, which become more or less 
completely detached, and form new individuals. Conjugation also takes place 
in some instances, in the same way as in the Confervaceae. 

2 c 
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The order Algae, exclusive of Characeae, has beeb divided by Har- 
vey as follows : — 

1. Melanospermeu} : plants of an olive-green or olive-brown colour, and cellular or 

filamentous structure ; growing in the sea. Fructification contained in definite 
capsules or receptacles, or in distinct sori. Seeds dark-coloured. 

2. Rhodospermeje : plants usually marine, of a rose-red, purple, or red-brown colour, 

leafy, cylindrical, or filamentous. Fructification usually double, the primary 
contained in capsules, receptacles, or immersed in the frond ; secondary^, when 
present, minute granules forming sori, or embedded in distinct receptacles. Seeds 
red or red-brown. 

3. Chlorospermeac : plants growing either in the sea, in fre^h water, or in damp situa- 

tions ; either filamentous, membranaceous, or shapeless; either colourless, or 
(owing to the presence of an internal, granular, sporulawmass) of a grass-green, 
very rarely purple or red colour. Fructification, green or purple sporules, either 
filling the frond or collected into sporidia, rarely contained in external capsules. 

Diatomacea: : as already defined above, 

Bindley enumerates 283 genera, including about 2,000 species. Ex- 
amples — Cliara, Kitella; Fucus, Sargassum, Laminaria, Padina, Ecto- 
carpus, Bryopsis; Ceramium, Delesseria, Ilhodymenia, Chondrus; Con- 
ferva, Ulva, Oscillatoria, Palmella, Protococcus; Diatoma, Uoruooo- 
cladia, Desmidium. 

1120. The pjants of the order are widely distributed over the globe, 
being found in salt and fresh water, in moist places, as on damp rocks 
and stones, and the glass and pots of hothouses, and even in hot 
springs. Sometimes they present collectively the appearance of green 
slime. They derive nourishment chiefly from the medium in which 
they glow; and the root-like processes with which some of them are 
provided, seem to b*e merely for the purpose of fixing them. Some of 
the species are very gigantic, others very minute, requiring the aid of 
the microscope for their detection. The lowest members of the order 
approach very nearly^Jo the lowest tribes of animals, and it is difficult 
to draw a hue of demarcation. Many species now considered vegetable, 
such as CoraUina officinalis and many Diaiomacew , are figured as 
animals by Ehrenbeig. 'iherc are interesting movements connected 
with the cells of many Algae, such as Oscillatoria and Nostoc. Some 
of the species found in the ocean have conspicuous stems, which 
sometimes present the appearance of zones in their interior (^[ 106). 
Among the large- stemmed species may be noticed DurmUea utitis 
and Lessonia fuscescens . Scytosiphon ( Chorda ) Filum attains in the 
British sects a length of 30 or 40 feet, while Macrocystis pyriferci 
in the Pacific ocean reaches the length of 500 to 1,500 feet. Some 
of the Laminarias of Britain have stalks of considerable size. Sar- 
yassum baccijhum : the Gulf-weed, is found floating in great quan- 
tities on each side of the equator in the Atlantic, Pacific, and Indian 
oceans. Frotococcus nivalis and virklis are said to occur in red and 
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preen snow. The red and green colours of certain lake3 and seas 
aie attributed to species of Trichodesmium and Sphoerozyga . Accord- 
ing to Dr. Joseph Hooker, Diatom, ace® are found in countless 
numbers between the parellels of 60° and 80° S., where they give 
a colour to the sea, and also to the icebergs floating on it. The 
death of these bodies in the South Arctic ocean is producing a sub- 
marine deposit, consisting entirely of the siliceous particles which 
entered into the composition of these plants. Conferva crispa } called 
Water-flannel, forms beds of entangled filaments on the surface of 
water. Species of Tyudaridea also occur in thick green patches. Jly- 
drodictyon ntriculatum, Water-net, has the appearance of a green-net, 
composed of filaments which enclose pentagonal and hexagonal spaces. 
Aciilya prolifera , and other Conferva*, are developed occasionally on 
living animals, such as on the gills of the gold-fish and of trout. Cer- 
tain organisms have been detected in the human stomach, which appear 
to belong to this order. One of these is called Sarcinula ventriculi by 
Goodsir, and was ejected by vomiting in a case of pyrosis. It consists 
of square cells united together in sets of four, and propagating by 
division. It is probably an anomalous condition of a mould-fungus. 

1130. The plants of this order supply a quantity of gelatinous mat- 
ter, and many of them are used for food. Kelp is obtained by the 
burning of Sea-weeds, and iodine is procured from them. Spheerococ - 
ens ( Chondrus ) crispy s 1 Carrageen or Irish Moss, supplies a nutritious 
article of diet. Jihodymeuia palmata, Dulse, Alaria csculenta , Iridcea 
edulis ) young plants of Laminaria digitata and saccharina , Tangle, as 
well as various species of Porphyra , Laver, and Ulva, Green Laver, 
are esculent. The edible swallows’-nests of the East are said to be 
formed of a species of Galidium. Sphccrococcus cavtilagineus , var. 
■s etaccuSy is used in China as a substitute for these nests. Agar-agar 
is a sea-weed of a similar kind. Nostoc edule is used in China as an 
article of food. The use of burnt sea-wced, in cases of scrofulous 
swellings, has been superseded by the discover^ of iodine, the active 
ingredient. Plocaria ( Gigartina ) lldminthocorlon , under the name of 
Corsican Moss, was formerly used as a vermifuge. The Oharas have 
frequently a peculiarly fetid odour, and their presence is said to give 
rise to malaria. Occasionally they communicate their odour to the 
water of reservoirs, and render it unpleasant. It is of importance for 
Water Companies to see that Charas do not exist in the streams which 
supply the water for their reservoirs. 




PART III. 


GEOGRAPHICAL BOTANY, OR THE DISTRIBUTION OF 
PLANTS OVER THE GLOBE. 


1131. This department of Botany treats of the manner m which 
plants are affected by climate and station, and endeavours to investi- 
gate the conditions under which particular families, or^pecies of plants, 
are confined to certain zones of latitude and altitude. It is a subject 
of great interest, and one which cannot be prosecuted with success 
until the vegetation of the globe is more fully known. So long as 
there are vast tracts of continents unexplored by botanical travellers, 
the facts upon which Botanical Geography is founded must be im - 
perfect. 

I. — Efiriuieology, or tiie Influence of Various External Agents 
on Plants. 

1132. It is a matter of common observation, that the localities and 
soils in which plants grow vary much. Thus, some species grow in 
the shade, while others thrive best in full exposure to light; some 
grow in mountainous or alpine districts, while others prefer the plains; 
some are found in dry, others in marshy places ; some are submersed 
in lakes or in the sea ; while others live on muddy banks, or on sandy 
shores. The plants growing on a granitic or micaceous soil differ 
frequently from those found on trap, limestone, or sandstone. It is 
equally well known that climate exercises a powerful influence on vege- 
tation, modifying the Floras in different regions of the globe. Some 
plants are fitted to bear the\iigour and duration of an arctic winter, 
with a moderate summer heat, others require the heat and light of the 
torrid zone ; and between these two extremes, there are all varieties 
of gradation. Thus vegetation extends over the whole globe, from 
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one pole to the other — from the summit of the highest mountains to 
the bosom of the ocean. There are, notwithstanding this general 
diffusion of vegetable structures, a few spots in which their traces have 
not been detected. Among such districts may be mentioned the hot 
sands of Africa, and some of the Antarctic Islands. In other districts 
their number and species are limited to a few. Each zone may be 
said to have its own peculiar vegetable features, the number of species 
being found to increase as we approach the equator, and to decrease 
as we retire from it. Palms, Bananas, Tree Ferns, and Orchideous 
Epiphytes, are chiefly confined to the tropics; Cruciferous and Um- 
belliferous plants are found in temperate regions; some Coniferous and 
Amentaceous plants flourish in more northern countries, while Saxi- 
frages and Lichens extend to the aictic regions. In warm regions are 
found those fruits which are so necessary for the well-being of the in- 
habitants; in temperate climates chiefly, occur the cereal grains for 
t!ie food of man, and the green pastures for the nourishment of cattle ; 
and in the arctic regions, the Lichen, on which the reindeer feeds, 
grows luxuriantly. 

1183. The number of known species of plants amounts to about 
1 00,000. The following is an estimate of the known species of plants 
on the globe at different dates: — 


Linnaeus 17.')3 5,323 Phan prog. Cl 5 Crvptog. 5,938 

Fersoon 1807 19,919 — 6,000 . 25,919 

Steudel 1821 39,68 1 — . 10,965 — 60,649 

Steudel 1841 78,000 — 13,000 _ 91,000 

Steudel 1811 80,000 — . 10,000 — 90,000 

In 1846, Lindley gave the following estimate of known genera and 
species : — 

Thallogens 939 Genera, 8,394 Species. 

Acrogens 310 — 4,086 — 

Khizogens 21 — 53 — 

Endogens J ,420 — 13,684 — 

Dictvogons 17 — 268 — 

Gynmogeiis 37 — 210 — 

Exogcns 6,191 — 66,225 — 


Total 8,935 92,920 

Much yet remains to be done in regard to the Floras of India, China, 
Africa, New Holland, and South America. Meyen conjectures that 
the total vegetation of the globe may be about 200,000 species. 

3 134. The distribution of species over different quarters of the globe, 
is regulated by various external agents, the study of which is termed 
Epirrheology^ (kKtpfea, 1 influence). These agents are chiefly tem- 
perature and moisture, and the nature of the soil. The effects produced 
on plants by increase or decrease of lierht, and by changes in the sta> 
of the atmosphere, have not been suflicicntly determined. 
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1. — Effects of temperature. 

1135. The effects of this agent must be considered both as regards 
its latitudinal and its altitudinal ranges. In proceeding from the equa- 
tor to the poles, or in ascending from the surface of the ocean to the 
summit of a lofty mountain, there is a gradual decrease of temperature, 
and, at the same time, marked changes m the nature of the vegetation. 
The scale of atmospherical temperature serves as a scale fur the pro- 
gress of vegetation. As regards the latitudinal distribution of heat, 
the globe has been divided into eight regions, four northern and four 
southern — viz., a tropical region, from the equator to the limits of the 
tropics in each hemisphere; subtropical, between this and 40° of lati- 
tude ; temperate, between 40° and 60° of latitude; arctic and antaictie, 
beyond 60° of latitude. 

113G. Each species of plant is adapted to thrive best between certain 
limits of temperature. These limits do not necessarily coincide with 
any definite parallels of latitude ; for it is well known that the climate 
of different places in the same latitude is very diffeient. It is of im- 
portance, therefore, to ascertain the mean temperature of the year, or 
rather of different seasons. By drawing lines through different places 
where the mean annual temperature is the same, Humboldt has estab- 
lished a series of isothermal (ferof, equal, and heat,) lines inter- 

secting the parallels of latitude. These lines run in curves, which rise 
iri their course from the eastern coast of America towards western 
Europe, and sink towards the south in the interior of the continent. — 
and that so quickly, that Scotland lies in the same isothermal line as 
Poland, and England as Hungary. It is clear, therefore, that the 
isothermal lines in the higher latitudes do not, by any means, corres- 
pond with the parallels of latitude. At the equator, however, these 
lines coincide more nearly. Much depends upon the temperature of 
the different seasons. Thus, a place which has a very cold winter, 
and a very warm summer, may be in the same isothermal line with 
one in which the temperature of both these seasons is moderate, and 
plants which succeed well in the one may not grow in the other. 
( 'herry-laurels and other Evergreens, which grow well in the open 
air in England, will not stand the winter of places on the continent in 
the same isothermal line. It is necessary, in determining the geogra- 
phical distribution of plants, to take into account the mean summer 
and the mean winter heat, and, better still, the mean monthly tem- 
perature. The distribution of temperature among the different months 
of the year is of importance, especially in reference to the heat and 
duration of the summer months ; for many plants protected by a 
covering of snow, are enabled to brave rigorous winters, provided the 
summer be hot enough, and of sufficient duration. Lines passing 
through places having the same mean summer temperature are called 
isotheral (Zero;, equal, and diaog, summer); those passing through places 
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with an equal mean winter temperature, are isocheimonal (xetpAt, 
winter). The isocheimonal lines in the interior of continents bend 
considerably towards the south. The isotheral lines bend to the north, 
but in the interior of continents they approach the parallels of latitude. 
Many circumstances conspire to influence the temperature of countries. 
Insular and coast climates are more equable, from the effect of the sea 
in preventing the atmosphere from being much heated during the day, 
and much cooled during night. In the interior of vast continents the 
extremes of temperature are often great. Winds have a powerful effect 
on climate. Iu China, the north-east monsoon brings great cold in 
February. The state ot a country as regards forests, has a decided 
effect on the temperature. In different quarters, the nature of the 
exposure, also, whether to the east or west, north or south, and the 
intervention of elevated ranges of mountains, materially affect the 
temperature. 

1137. Temperature, in its hypsometrical (y^og, altitude, and 
measure,) relation, or as regards its altitudinal range, requires to be 
considered. In ascending into the atmosphere, a decrease of tempera- 
ture is observed, which varies in its amount at different stages of ascent. 
The following table shows the temperature at different heights in the 
equatorial and temperate zones : — 


Height Equat Zone. Temp. Zone. 

In feet. L.it O' — 10° Lut 4.7—47° 

0 81°*50 F. Mean. 53°*60 F. 

3,197 71 *24 41 *00 

0,394 04 -40 31 *04 

9,591 57 *54 23 -30 

12,789 44 -00 

15,985 37 *70 


Taking an average, it may be said that there is a fall of l°in the 
thermometer for every 340 feet of ascent. Prof. Forbes states that 
549*5 feet of ascent give a difference of 1° of the thermometer in the 
boiling point of water. The elevation at which constant frost takes 
place is called the snow-line or line of perpetual congelation. Its limit 
does not exactly correspond with the height at which the temperature 
is equal to 32° F. The following table gives the height of the snow- 
line (in feet) at different latitudes : — 


Lnt. 


Height of 

Lat 

Height of 


Smm Line. 

Snow Line. 

0 ... 



50 

6,334 

5 ... 


15,095 

55 

5,034 

10 ... 


14,704 

60 

3,818 

15 ... 



65 

2,722 

20 ... 


13,278 

70 

1,778 

25 ... 



75 

1,016 

30 ... 


11,481 

80 

457 

35 ... 



10,287 

85 

117 

40 ... 

9,001 

90 

0 

45 ... 


7,071 
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The decrease of temperature on lofty mountains regulates, in a great 
measure, the nature of the plants which grow at different heights. The 
same changes take place as have been shown to occur in proceeding 
from the equator to the poles. The following observations made on 
the growth of certain trees on the Grimsel, show the relation between 
height and latitude : — 


Lat. 

Beech, which extends to G0° 


Oak Gl° 

Fruit Trees G3°> 

Hazel (I i° ) r 

Norway Spruce G7° 40' 

Scotch Fir 70° 

Birch 70° 40' 


On the Grimsel. 

grows about the height of 3000 feet. 
2 GOO — 

3400 — 

5000 — 

G000 — 

G400 — 


2. — Effects of Moisture. 

1138. The quantity of moisture in the air has a decided effect on the 
distribution of plants. Nothing checks vegetation more than extreme 
dryness. Hence the barrenness of those hot sandy deserts, which ex- 
hibit only an arid waste, without a single blade of grass to relieve the 
eye of the weary traveller. In warm and dry climates, succulent 
plants occur, with hard epidermal coverings, capable of resisting the 
effects of evaporation and transpiration. Among these may be noticed 
Cactacete, Mosembiyncetc, Euphorbias, and some of the Aloe tribe. 
In the districts of Australia, where a dry climate prevails, many plants, 
such as Proteas, Banksias, and leafless Acacias, have hard and dry 
foliage, capable of enduring much drought without’ injury. In warm 
climates, the effect of the dry season on vegetation is very remarkable. 
This season may be said to correspond with our winters. In some 
parts of South America, where no rain falls for eight months of the 
year, the leaves during the dry season fall, buds are developed in their 
axils, and it is only when the wet season arrives that the trees become 
clothed with verdure, and the herbage appears. Forests appear to 
keep up the humidity of the atmosphere in a country, and thus have 
a powerful influence on the climate. 

3. — Effects of Sou,, Lioiit, and other Agents. 

1139. The physical localities in which plants grow vary consider- 
ably. These variations are connected with the dryness and moisture of 
the soil, as well as with its mechanical and chemical composition. Some 
plants are fitted to grow in water, others in marshes ; some grow in 
peaty soil, others in sandy soil. Thurman n has endeavoured to show 
that the nature of the soil, whether siliceous, clayey, calcareous, or 
saline, has an effect in modifying the vegetation. Prof. E. Forbes 
states, that, in Lycia, he could easily distinguish the serpentine from 
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the limestone, not merely by their geological characters, but also by 
the disposition of the arborescent vegetation. On the serpentine, 
usually ] lines only grew, and never in thick forest masses, but scat- 
tered; whereas the limestone bore thick clustered oaks and a luxuriant 
underwood, with now and then clumps of lofty pines. In the low 
countries near the sea, the serpentine was marked by Senecio squalidus, 
a little Erophila, and Cbeilanthes odora ; while on the limestone, 
Acrosticlnim lanuginosum was a conspicuous fern. 

The following is a division of plants according to the botanical sta- 
tions or physical localities in which they grow, whether placed there 
by nature or by art. : — 

A. — Plants growing in Water , whether Salt or Fresh. 

1. Marino Plants, such as Sea-woods, La\ers, $ c , which arc cither buried in the 
ocean, or float on its surface, also, such plants as liuppia and Zostera. In the Sar- 
gasso Sea there are floating meadows of Saryasmm bmn forum, gulf- weed. This sea 
extends fiom 22° to 30° north lat , and from 20° to 45° west long, fioin Greenwich, 
and extends over 40,000 square miles. 

2. Maritime or saline plants. Those are plants -which grow on the border of the 

sea, or of salt lakes, and mpiije salt for nourishment, as XaUcomm, glass wort, Sal- 
Fold, , saltwort, Auabams. Such plants are often called ILvlophvtes gait, and 

fvriv, a plant). Liuba this head may be included littoral and tdioic plants, such tu 
Amieria, sea-pink, GIuuj, and Samofus. 

3. Aquatic plant-?, growing m fresh water, either stagnant or running; as Sagil- 
icuda, arrowhead, Nymphcca, water-lily, Potamoydon, pond wood, Subuhtrla , awl wort, 
Utriculnria , bladderwoit, Stratioio «, w ater-sokhor, Lcmna , duckweed, Pistia, Conferva , 
Oscillator ice, and Ranunculus Jlunatdts. Some of these root in the soil, and appear 
above the surface of the w ater ; otheis root m the soil and letuain submersed ; while 
a few swim fieely on the surface without rooting below. 

4. Amphibious plants, living in ground which is generally submerged, but occa- 
sionally dry, as Ranunculus oqaatihs and seder at u.% Polygonum amphibtnm, Nasturtium 
amphibium. The form of the plants varies according to the degree of moisture. 
Some of these, as Limnsd/a aquatica, grow in places which are inundated at certain 
periods of the year ; others, such as P/ur.ophoras (mangioves), and A vicmmas, form 
forests at the mouths of muddy rivers in tiopical countries. 

B . — Land Plants which root in the Earth and Grow in the Atmosphere. 

6. Sand plants ; as Car ex arenana , Ammophila armaria, E/ymus arenarius, and 
Calamagrostis armaria, w hich tend to fix the loose sand, Plantuyo arenaria, Hemiaria 
glabra, Sedum acre. 

6. Chalk plants ; plants growing in calcareous and cretaceous soils, as some species 
of Ophrys, Orchis, and Cypripedium. 

7. Meadow and pasture plants ; as some species of Lotus, bird’s-foot trefoil, a great 
number of grasses and tiefoils, the daisy, dandelion, and butteicups. 

8. Plants found in cultivated giound. In this division are included many plants 
w hieh have been introduced by man along with grain ; as Centauvea Cyanus , corn 
blue-bottle, Sinapis arvensis , common wild mustard, Ayrustemma, corn-cockle, several 
species of Veronica and Euphorbia , Lnlium temulentum , Convolvulus arvensis , Clcho- 
rium Idyl its; also plants growing in fallow ground, as lluintx Acetosdla, Carduut 
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nutans , Echium ml gar e, Artemisia campcstris, and Androsace septentriomdis. In this 
division, garden weeds are included ; such as Groundsel, Cluck v\ eed, Lamium amplexi- 
caule , Chcnopodium album , and urbtcum. 

9. Rock or wall plants; Saxifrages, Wall-flower, Linoria Cymbalaria , Praha 
muralis , species of Ilieracium and Sedum , Asplenium liut a muraria , and some lichens 
and mosses. 

10. Plants found on rubbish heaps, especially connected with old buildings. Some 
of these seem to select the habitations of man and animals, on account of certain 
nitrogenous and inorganic matters, which enter into their composition. Among them 
may be noticed, Nettles, Docks, Borage, Henbane, Xanthinm. Here, also, have 
been placed some plants immediately connected with the habitation of man, such as 
liacodium eelkire , a fungus found on wine casks, Conferva jatestralis , an alga pro- 
duced on window-panes, and Confirm (lend vita , one developed on paper. Some 
plants, as Sempervirum tectornm , select the roofs of houses. 

11. Plantffgrowing in vegetable mould; such as b')g-plants, or those growing on 
wet soil, so soft that it fields to the foot, but tiscs again ; and mardi plants, growing 
in wet soil, which sinks midei the foot and docs not i be To the former class belong 
such plants as Pingumda itljnua and Primula farinosa ; to the latter, such as Meny- 
anthes , Comanm , Balens centua. 

12. Forest plants, including trees which live in society, as the Oak, the Beech, 
Firs, &c , and the plants which grow under their shelter, as the gi eater part of the 
European Orchises, some species of Carej and Ombanche. Some plants especially 
grow in pine and fir-woods, as J Atman borealis, and some Pyrolas. 

13. Plants of sterile places, found in barren tracts, bv roadsides. This is a hetero- 
geneous class, and contains many plants of uncertain characteis. Under it are in- 
cluded the plants of uncultivated grounds, as those found in moors, where Calluna 
vulgaris , common heather and -various heaths, Jumper, Andromeda , and some species 
of Polytrichum occur. 

14. Plants of the thickets or hedges, comprehending the Small shrubs which con- 
stitute the hedge or thicket, as ihe Hawthorn and Sweet-briar; and the herbaceous 
plants which grow at the foot of tlie-^e shrubs, as Adoxa, Wood-sorrel, Violets ; and 
those which climb amoDg their numerous branches, as Bryony, Black Bryony, 
lloneysucke, Iravellei’s Joy, and some species of Jxtthyrus. 

15. Plants of the mountains, which De Candolle proposes to divide into two sec- 
tions : 1. Those which grow in alpine mountains, tlio summits of which are covered 
with perpetual snow, and where, during the heat of summer, there is a continued and 
abundant flow of moisture, as numerous Saxifrages, Gentians, Primroses, and Rhodo- 
dendrons. 2. Those inhabiting mountains on which the snow disap}>eaTS during 
summer, as several species ot Snap-dragon, among others the Alpine Snap-dragon, 
Umbelliferous plants, chiefly belonging to the genus Resell, meadow Saxifrage, 
Labiate plants, &c. 


C . — Plants Growing in Special Localities . 

16. Parasitic plants, which derive their nourishment from other vegetables, and 
which, consequently, may be found in all the preceding situations; as the Mistleio^ 
aperies of Orobanche, Cusruta, (Dodder), Loranlhus , Raj/tsia, and numerous Fungi. 

17. Pseudo-paiasitic plants, or Epiphytes, which iive upon dead vegetables, as 
Lichens, Mosses, &c. or upon the bark of living vegetables but do not derive much 
nourishment from them, as EpidmJrum, At rides, and other Orchids, as well as TIP 
Umdsia, Bromelia, Pothos, and other air-plants. 

* 18. Subterranean plants, or those which live under ground, or in mines and caves, 
almost entirely excluded from the light, as Byssus , Truffles, and some other Crypto- 
gamic plants. 
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19. Plants which vegetate in hot springs, the temperature of which ranges from 
80° to 150° of Fahrenheit’s thermometer ; as Vitex Agnus-castus , and several Crypto- 
gamous plants, a3 Ulva thermalis, the hot-spring Laver. 

20. Plants which aie developed in artificial infusions or liquors, as various kinds 
of Mucor , causing mouldiness. 

21. Plants growing on living animals; as species of Sphceria and Sarcinula and 
various other Fungi and Algae. 

22. Plants growing on certain kinds of decaying animal matter ; such as species of 
Onygena, found on the hoofs of horses, feathers of birds, &c., some species of Fungi, 
which grow only on the dung of animals, and certain species of Spladmum. 


1140. Light is an agent that has a powerful influence on plants, 
as regards their vigour, irritability, secretions, and colour. Hence, in 
those regions where the light is intense, the vegetation pr^ents certain 
peculiarities. The luxuriance and greenness of the leaves, the nature 
of the woody matter deposited, of the fruit produced, and of the secre- 
tions formed, are all influenced in some degree by the intensity of the 
sun’s rays. Little is known in regard to the effects of increased or 
diminished atmospheric pressure on plants. Humboldt believed that 
vegetation was influenced by the amount of atmospheric pressure. 
Further' research has not corroborated his suppositions. The effects 
of the atmosphere have been studied chiefly as regards dryness and 
moisture, and the mixture of certain gases with it, especially in the 
vicinity of manufacturing towns (^[ 297). 

1141. The effects of climate and season on the leafing, flowering, and 
fruiting of plants, may be seen in the case of some species which are 
found distributed over various countries in Europe. Berghaus has 
made an extensive series of observations on the subject. The Lilac 
( Syvinga vulgaris), according to him, unfolds its leaves at Naples, in 
latitude 41°, during the first half of the month of January ; near Paris, 
in latitude 49°, on the 12th March. The Elder unfolds its leaves 


At Naples 

At Paris 

In England 

, A. t U psal . . ^ . ....... ., ........ 

The Beech unfolds its leaves 


.January 1-15. 
.February 14. 
.March 8. 
.March 1-8. 


At Naples End of March. 

In England 1st May. 

At Upsal Beginning of May. 


In regard to flowering, Berghaus states, that in the middle latitudes 
of Europe and North America, it is generally four days later for each 
degree of latitude towards the north. The same plants flower at 
Zurich 6 days later than at Parma; at Tubingen, 13 days later; at 
Jena, 17; at Berlin, 25 ; at Hamburgh, 33 ; at Greifswald, 36 ; an€ 
at Christiania, no less than 52 days later than at Parma. In the Berlin 
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district, an elevation of 1,000 feet renders vegetation 10 to 14 days 
later: so also in regard to fruiting. The wheat harvest begins 


At Naples In June. 

In Central Germany July. 

In the South of England August 


Bipe Cherries are to be had 

At Naples.. 

At Paris 

In Central Germany 

In the South of England.*., 

II. — Dissemination of Plants. 

1. — Agents employed in their Dissemination. 

1142. Some plants are disseminated generally over the globe, while 
others are confined within narrow limits. Some of the common weeds 
in Britain, such as Chickweed, Shepherd’s-purse, and Groundsel, are 
found at the southern extremity of South America. Lemna minor 
and trisulca, Convolvulus sepium, Phragmites communis, Cladium, 
Mariscus, Seirpus lacustris, June us effusus, and Solan um nigrum, are 
stated by Meyen to be common to Great Britain and New Holland. 
Nasturtium officinale, and Samolus Valerandi, are very extensively 
diffused, and they may be reckoned true cosmopolites. They are both 
natives of Europe, and they occur, the former near Bio Janeiro, the 
latter at St. Vincent. The lower the degree of development, the greater 
Seems to be the range. Some Cryptogamic plants, as Lecanora subfusca, 
are found all over the world. Man has been instrumental in diffusing 
widely culinary vegetables, such as the potato, and the cereal grains, 
as well as many other plants useful for food and manufacture. Corn 
plants, such as Barley, Oats, Bye, Wheat, Spelt, Bice, Maize, and Millet, 
are so generally cultivated over the globe, that almost all trace is lost of 
their native country. They can arrive at perfection in a great variety 
of circumstances, and they have thus probably a wider geographical 
range than any other kind of plant. As regards these plants, the globe 
may be divided into five grand regions — the region of Bice, which may 
be said to support the greatest number of the human race ; the region 
of Maize ; of Wheat ; of Bye ; and lastly, of Barley and Oats. The first 
three are the most extensive, and Maize lias the greatest range of tem- 
perature. The grains extending farthest north in Europe are Barley 
and Oats. Bye is the next, and is the prevailing grain in Sweden and 
Norway, and all the lands bordering on the Baltic, the north of Germany, 
and part of Siberia. Wheat follows Bye ; it is cultivated in the middle 
and south of France, England, part of Scotland, part of Germany, 
Hungary, Crimea, and the Caucasus. We next come to a district 
where wheat still abounds, but no longer exclusively furnishes bread, 


.First days of May. 
.End of June, 
do. 

,2 2d July. 
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rice and maize becoming frequent. To this zone belong; Portugal, 
Spain, part of France, Italy and Greece, Persia, Northern India, Arabia, 
Egypt, the Canary islands, &c. Wheat can be reared wherever the 
mean temperature of the whole year is not under 37° or 39° F., and 
the mean summer heat, for a period of at least three or four months, 
is above 55°. It succeeds best on the limits of the subtropical region. 
In the Scandinavian Peninsula, the cultivation ot Barley extends to 
70° north latitude, Ilye to f>7°, and Oats to 65°. The cultivation of 
Pice prevails in Eastern and Southern Asia, and it is a common article 
of subsistence in various countries bordering on the Mediterranean. 
Maize succeeds best in the hottest and dampest parts of tropical cli- 
mates. It may be reared as far as 40° north and south latitude on the 
American continent on the western side, while in Europe 4t can grow 
even to 50° or 52° of latitude. It is now cultivated in all regions in 
the tropical and temperate zones, which are colonized by Europeans. 
Millet of different kinds is met with in the hottest parts of Africa, in 
the south of Europe, in Asia Minor, and in the E ist Indies, llenslow 
gives the following table to show the range of Wheat and Barley, and 
the mean temperature required for them : — 


Lat 

Winter 

Me m 

:;:d 

Summer 

Mc.iu. 

f,J° 

A nun il 
M< ,m 
45° 

70 Lapland 


46 


G7^ Etissia 

y 

4 6 

32 

57 J- Siberia 

o 

60 

32 


36 


46 q 

61 Nonvav 


50 

3 ( > l 

60 Sweat on T r ... 

23 

50 


60 £ ItuKMa 


60 

37 j 

fiO f!:iiro 

57 

88 

79 q 

22 Macao ......... 

(54 

82 

73 

22 Kio .1 audio..., 


78 


23 Havannah 


82 

77 

21 Bourbon 

71 

80 

77 J 


Winds, water, and animals, are also instrumental in disseminating 
plants. Many seeds with winged and feathery appendages are easily 
wafted about ; others are carried by rivers and streams, and some can 
be transported by the ocean currents to a great distance, with their 
germinating powers unimpaired. 


2. — General and Endemic Distribution op Plants. 

1143. While some plants are generally diffused, it is found that the 
different quarters of the globe are each characterized by more or less 
distinct floras. Europe, Asia, Africa, North America, South America, 
and Australasia, may be regarded as separate provinces of the vege- 
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table kingdom, possessing species, genera, and families of plants, which 
give to each division its distinctive features. Humboldt and Bon- 
pland, in their travels in equinoctial America, did not see an exogen- 
ous plant which was found equally in the New and the Old World ; 
the only plants which they discovered common to both being some 
grasses and sedges. Among 4,1 GO species met with in New Holland 
by Brown, 16G only were to be found in Europe. 

1144. Some plants live in society, occupying exclusively large tracts 
of ground, from which they banish all other vegetables. Those are 
called by Humboldt Social plants. They give a peculiar feature to 
the countries and districts in which they grow. To this class belong 
many species of Seaweed in the ocean ; Cladonias and Mosses in the 
waste levels of Northern Asia; Grasses (Bamboos), and some Cactuses, 
Mangroves, and Avicennias in tropical countries; Ferns in the South 
Sea Islands ; Banksia speciosa in New Holland ; Cinchonas in certain 
parts of South Ameiica; Coniferous trees and Birches in the Baltic 
and Siberian plains. 

1145. Some plants are very much restricted in their distribution 
over the globe ; a few are confined to single localities, white others 
have a limited longitudinal range. The species of the genus Erica, 
Heath, which extend from northern regions to the Cape of Good Hope, 
are scattered over a surface very narrow compared to its length ; in 
other words, while their latitudinal range is gieat, their longitudinal 
range is very much restricted. Calceolarias occur chiefly on the wes- 
tern side of the Cordilleras of Chili. Lobelia Dortmanna is found princi- 
pally in the western countries of Europe. Camellias are also limited 
m longitudinal direction, so also Phalangium bicolor, and Raymondia 
pyrenaica. Arbutus Unedo, Erica mediterranea, and Menziesia poll- 
folia, whose chief seat is in the Pyrenees and the mountains of 
Asturias, migrate in a north-westerly direction, and appear in Ireland. 
It is said that Azaleas, Rhododendrons, Magnolias, Vacciniums, Aetaeas, 
and Oaks, which form prevailing genera on the east, of the Rocky 
Mountains, scaicely appear on the western side. Epacridacece are 
confined to New Holland; Cinnamon, Cloves, and Nutmeg, are the 
produce of the Indian Archipelago; Gentians and Saxifrages form a 
characteristic featuie of the European Alps; Bejarias and Cinchonas 
of the Peruvian Cordilleras; Sehizanthuses of Clnli; Polemonidccae of 
California and Oregon ; yellow and brown PapilionaceT of Australasia ; 
Disa grandiflora is a rare orchid peculiar to Table Mountain at the 
Cape of Good Hope ; and Pringlea antiscorbutica is a cruciferous plant 
peculiar to Kerguelens-land. It is said that Origanum Tonrnefortii 
is found only in a small island in the Grecian Archipelago. The 
vegetation of islands removed from continents presents often peculiar 
features, the ocean acting as a barrier to the dissemination of plants. 
The island of St. Helena was originally inhabited by a most peculiar 
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vegetation, although its productions now are completely changed by 
the destruction occasioned by cattle, and by the introduction of Euro- 
pean and other plants, especially fruit trees. Such may also be said 
of the plants found in the Sandwich Islands, the Society Islands, and 
the Canaries. The island of Madeira has 672 Phanerogamous plants, 
of which 85 are peculiar to it. 

8. — Conjectures as to tite Mode in which the Earth was Originally 
Clothed with Plants. 

1146. It is an interesting question to determine the mode in which 
the various species and tribes of plants were originally scattered over 
the globe. Various hypotheses have been advanced on the subject. 
Linneeus entertained the opinion, that there was at first only one primi- 
tive centre of vegetation, from which plants were distributed over the 
globe. Some, avoiding all discussions and difficulties, suppose that 
plants were produced at first in the localities where they are now seen 
vegetating. Others think that each species of plant originated in, and 
was diffused from, a single primitive centre, and that there were numer- 
ous such centres situated in different parts of the world, each centre 
being the seat of a particular number of species ; they thus admit great 
vegetable migrations similar to those of the human races. Those who 
adopt the latter view, recognize in the distribuiion of plants some of 
the last revolutions of our planet, and the action of numerous and 
varied forces which impede or favour the dissemination of vegetables 
in the present day. They endeavour to ascertain the primitive flora 
of countries, and to trace the vegetable migrations which have 
taken place. Daubeny says, that analogy favours the supposition 
that each species of plant was originally formed in some particular 
locality, whence it spread itself gradually over a certain area, rather 
than that the earth was at once, by the fiat of the Almighty, 
covered with vegetation in the manner we at present behold it. The 
human race arose from a single pair, and the distribution of plants 
and animals over a certain definite area, would seem to imply that 
the same was the general law Analogy would lead us to believe, 
that the extension of species over the earth originally took place on 
the same plan on which it is conducted at present, when a new island 
starts up in the midst of the ocean, produced either by a coral reef or 
a volcano. In these cases the whole surface is not at once overspread 
with plants, but a* gradual progress of vegetation is traced from the 
accidental introduction of a single seed, perhaps of each species, wafted 
by winds, or floated by the currents. The remarkable limitation of 
certain species to single spots on the globe, seems to favour the suppo- 
sition of specific centres. Professor E. Forbes says, the hypothesis of 
the descent of all the individuals of a species, either from a first pair or 
from a single individual, and the consequent theory of specific centres 
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being assumed, the isolation of assemblages of individuals from their 
centres, and the existence of endemic or very local plants, remain to be 
accounted for. Natural transport, the agency of the sea, rivers, and 
winds, and carriage by animals, or through the agency of man, are 
insufficient means in the majority of cases. It is usual to say, that the 
presence of many plants is determined by soil or climate, as the case 
may be ; but if such plants be found in areas disconnected from their 
centres by considerable intervals, some other cause than the mere in- 
fluence of soil or climate must be sought to account for their presence. 
This cause he proposes to seek in an ancient connection of the outposts 
or isolated areas with the original centres, and the subsequent isolation 
of the former through geological changes and events, especially those 
dependent on the elevation and depression of land. Selecting the flora 
of the British islands for a first illustration of this view, Professor 
Forbes calls attention to the fact, well known to botanists, of certain 
species of flowering plants being found indigenous in portions of that 
area, at a great distance from the nearest assemblages of individuals of 
the same species in countries beyond it. Thus, many plants peculiar 
in the British flora to the west of Ireland, have the nearest portion of 
their specific centres in the north-west of Spain ; others, confined with 
us to the south-west promontory of England, are, beyond our shores, 
found in the Channel Isles and the opposite coast of France ; the vege- 
tation of the south-east of England is that of the opposite part of the 
continent; and the Alpine vegetation of Wales and the Scotch High- 
lands is intimately related to that of the Norwegian Alps. The great 
mass of the British flora lias its most intimate relations with that of 
Germany. IE- believes, therefore, that these isolated outposts were 
formerly connected together by chains of land, and that they have 
been separated by ceitaiu geological convulsions. Islands may be 
considered as the remains of mountain chains, part of the flora of which 
they still exhibit, and the further they are from continents, the more 
likely are the plants to be peculiar. 

1147. All the vegetable productions of the globe are distributed 
according to harmonious laws, which arc by no means fully developed. 
The greater number of families is distributed over the whole globe; 
individual representatives of the groups appearing in different regions. 
The regions of the globe, as regards their vegetable productions, are 
related either in the families, the genera, or the species of plants 
which they produce. By families , Hinds remarks, the most distant or 
general resemblances are established, constituting analogy. One family 
may occupy the place of another in certain regions. Thus, the Me- 
sembryacea) of South Africa ar° represented in America by Cactaceffl; 
and in the south of Europe, only by a few species of Sempervivum and 
Sedum. By genera , a closer approximation is established — that of 
affinity. The Cistuses of Spain and Portugal are represented by the 
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Helianthemum of the north of Europe ; and the genera of Abies and 
Pinus, in arctic and temperate regions, have their representatives in 
the genera Araucaria, Ephedra, and Dammara of the south. By 
species again, the most perfect accordance of characters or identity ia 
established. 

1148. Meyen states, that the species of a genus, and genera, and 
natural orders, proceed from a point, and range themselves round it 
in concentric circles, or spread out from it like rays in all directions ; 
or are distributed in belts of greater or less breadth, which are parallel 
to the meridians, or to the parallels of latitude. A genus or family 
predominates in certain regions, and attains its maximum there, while 
in others it is at its minimum. Hence, regions are distinguished by 
the names of plants which attain their maximum there. Palmse, Mu- 
saceae, Piperacea 1 , and Scitamincm, attain their maximum in the torrid 
zone, although representatives of them extend to high latitudes, or to 
the temperate zone. Thus, the Palm called Chamarops humilis is 
found in 49° north latitude. The Ericaceae of the old world have their 
maximum in the south of Africa. A single form, Calluna vulgaris, 
common Heather, is predominant in the uoith ; and a shrubby species, 
Erica arborea, represents the order in the south of Europe. Acacias 
attain their maximum in New Holland, while Acacia heterophylla 
represents the family in the Sandwich Islands. The Lauraceue of the 
tropics have Laurus nobilis as their representative in Europe. 

• 

4. — DISTRIBUTION OF PLANTS CONSIDERED PHYSIOGNOMIC ALLY AND 

Statistically. 

1149. The distribution of plants over the globe may be considered 
either Physiognomically , as regards the prevalence of certain vegetable 
forms which give a general character to the landscape of a country ; 
or Statistically , as regards the numerical proportion which different 
groups bear to each other, or to the w'hole known plants. 

1150. PhysioscMomy of Vegetation. — In prosecuting this department 
of botanical geography, it is necessary to specify those vegetable forms 
which give a character to the landscape. This has been done more 
especially by Meyen, who gives the following series: — 

1. Gramineous or Grassy Form. This is illustrated in northern countries hy 
meadows and pastures. The cereal grains also have a great influence on the asj>oct 
of countries. Under this form are included C> peracece, Kestiacese, and J uncaoese. In 
the torrid zone some arborescent forms occur, as Bamboo ; and along with these are 
associated Sugar-cane and Rice. Barley is an extra- tropical form, while Carex ex- 
tends to Cold regions. 

2. Scitamineous Form. This includes the Ginger, Arrow-root, and Plantain 
family, some of which attain a large M/.e. They contribute to give a character to the 
torrid zone. 

3. Pandanus or Screw-pine Form. A tiopical form illustrated by Screw-pines and 
Dracaenas. 

4* Pine-apple Form. Illustrated by the Bromeliaccie of warm climes 
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5. The Agave or American Aloe Form. Chiefly tropical and subtropical. 

6 The Palm Form. Under this are included also the Cycadaceous family. They 
give a character to the hotter legions of the globe. Some of the Palms are social, as 
the Date and Coco-nut. Chamaarops liumilis represents this form in Europe- 

7. Filical or Fern Form. True Ferns, in an esjiecial manner, aflect the landscape 
in tropical and warm regions. 

8. Mimosa Form. This includes Leguminous plants in general. The finely ent 
foliage of some has a resemblance to Ferns. Modifications of this form occur both in 
warm and cold regions. Acacias in New Holland give a peculiar feature to the 
landscape. 

9. Coniferous Form. The Abietineaj arc characteristic of northern regions, and 
the Cuprcssineae of southern. 

1 0. The Protea, Epacris, and Erica Forms. These forms supply the place of Coni- 
fers in the southern hemisphere. The Protea and Epacris fonns occurring in Austral- 
asia, and the Erica form at the Cape of Good Hope. 

11. Myitle Form. Some of these, such a9 Melaleuca and Eucalyptus, characterize 
New Holland scenery ; others, os Guavas, am tropical. 

12. Forms of Dicotyledonous liecs. Some w ith broad and tender leaves, as Birch, 
Alder, Poplar, Oak, Lime, Elm, Beech, and Horse-chestnut, giving a character to the 
physiognomy of the coldei half of temperate climates ; while others, with thick, 
leathery, and showy leaves, as Olivas and Eaurels, are ehai act eristic of warmer 
clmiateb ; and a thiid di vision, with large, beautiful leaves, Ceciopia, Artocarpua, 
and A strap ii' a, abound m the hottest climates 

13. Cactus Form. This form is developed chief] \ in America, especially in 
Brazil. 

14. Form of Succulent plants. Seen in the Mcsembrvacese of South Africa. 

15. Lil y Form. This includes Liliacea*, A man llidaceae, and lndace*e. Modifi- 
cations of this form occur in warm and temperate climates. 

1G. Forms of Lianas or Climbing-plant-*. # These fonns are chiefly tropical, and 
are illustrated by Passion-flowers, Paulhmas, Aiistoloclnas, and Bauhmias. 

17. Pothos Form. This is a tropical form, and is illustrated by \aiiotis species of 
Araceie. 

18. Orchidcous Form. This is seen in the splendid Epiphytes of warm climates. 
Terrestrial species chiefly occur in cold zones. 

19. The Mos3 Form. 

20. The Lichen Form. Both these forms characterize cold regions chiefly. 

Besides the forms of plants, it is found that the prevalent colours- 
sometimes give a character to the vegetation. White oi pale-coloured 
flowers are said to be more abundant in northern latitudes than in the 
tropics, and in alpine situations they are of more frequent occurrence 
than in the plains. The xanthio series of colours, Hinds states, is 
abundant within the tropics in the autumn, on the plains over the 
mountains. The flowers of the cyanic series, especially intense blues 
and violets, delight in the clear skies of subtropical regions. Hinds 
gives the following tabular view of the relative proportion of colours : 


Central America 


Cyanic 

12 .... 

X.inthic. 

30 

White. 

Sandwich Islands ...... 


12 .... 

31 ... . 

7 

Alashka 


26 .... 

1,3 ... . 

. ... 11 

California 


25 

!*. ..... 19 ... . 

6 

New Guinea 


12 

. . .. 23 

15 

Hong- Kong 

......... 

13 

27 

10 
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Geyer says, that vivid colours mark the basaltic plains of Upper 
Oregon ; blue and purple, eastward ; scarlet with golden-yellow, west- 
ward ; glaucous green reigns in the herbage over the plains ; deep 
saturated green in the valleys. 

1151. Statistic* of* Vegetation. — The number of known vegetable 
families differs in different latitudes. In examining the distribution 
of the great classes of the Vegetable Kingdom, it will be found that 
certain relative numerical proportions have been ascertained. It is 
not easy to estimate the proportion which Cryptogamous bear to Pha- 
nerogamous plants. From data already given, it may be estimated 
that the proportion for the whole world is as 1 to 7. This proportion 
varies in different regions; the Cryptogamous plants increasing in 
their proportion in the northern paits of the temperate zone. Ferns 
are to known Phanerogamous plants as 1 to 20. This proportion is 
least in the middle of the temperate zone, and becomes larger towards 
the equator, and towards the poles. Ferns, however, attain their ab- 
solute maximum at the equator, and their absolute minimum in the 
arctic zone. At North Cape, there are only four species of F^rns 
found, and yet their propoition to Phancrogamia is 1 to 7 there; and 
in Greenland, 1 to 10 (Meyen). Humboldt says, that in the torrid 
zone, Monocotyledons are to Dicotyledons as 1 to 0 * in the temperate 
zone, as 1 to 4 ; and in the arctic zone, as 1 to 3. Monocotyledons 
increase in proportion to Dicotyledons as the latitude becomes higher. 
Some natuial orders are very generally diffused, as Leguminosse, Mal- 
vaceae, Panunculacea3, Caryophyllaccae, Cruciferce, and Umbelliferae. 
Cellular plants have also a wide range, and so have aquatics. Jun- 
caceae, Cyperaceae, and Gramineae, increase in proportion to all the 
Phanerogamous plants, as the latitude becomes higher; while Kesti- 
aceae, Leguminosse, Euphorhiacese, and Malvaceae, decrease. Cruciferse, 
Umbel li ferae, and Composite, are highest in their proportion in the 
temperate zone, diminishing towards the equator and the poles. Hinds 
gives the following statement as to ceitaiu families which are almost 
exclusively confined to one of the six great divisions of the globe : — 


In Europe, — Globulariacene a section of Sclaginacc®, Ceratoph) llacca;. 

In Asia, — JDjpteiocarpacca?, Aquilariacese, Camelliacece, Moiiugace®, Stilngin- 
ace®. 

In Af;ica, — Bruniace®, Brexiace®, Bclviaiacc®, Pcn®acc®. 

In North America, — Sarraeeniace®. 

In South America, — lthizobolace®, Monimiace®, Simarubace®, Vochysiace®, 
Cahccrace®, Escalloniace®, Humiriace®, Lacistcmace®, Fapayace®, Gilliesiace®, 
Gesneraec®. 

In Australasia, — Tremandrace®, Epacridace®, Goodeniacc®, Staekhousiace®, Bru- 
aoniaee®. 

lie also gives the following list of natural orders, as prevailing in the 
northern hemisphere and southern hemisphere ; — 
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In the northern hemisphere, the following natural orders abound, or are predomi- 
nant Aceracese, Aurantiaceoc, Artocarpeae a section of Urticaceoe, Amentacece, 
Berberacese, Boraginaceae, Caryophyllaeeic, Cistace®, Crucifer®, Coni fern?, Campaim- 
lacece, Caprifoliacese, Dipsacaceie, Klseagnacea?, Fumariace®, Grossulariace®, Byperi- 
caceae, Ilippocastane® a section of Sapiudaee®, Hamamelidaceac, Magnoliace®, 
Onagrace®, Orobanchace®, Papaverace®, Rosace®, Ranunculace®, Rutace®, 
Keeedace®, Saxifragace®, Umbellifer®, Vacciniace®, Alismace®. 

In the southern hemisphere, the following natural orders are predominant: — 
Athcrospcrmacere, Cactace®, Crassulace®, Capparidaccsc, Diosme® a section of 
Rutace®, Dilleniace®, Geraniace®, Heliotrope® a section of Fhretiace®, Mvrtaceae, 
Melastomace®, Mesembryace®, Myoponne® a section of Verbenace®, Malpighiacese, 
Oxalidace®, Pittosporace®, Polygalacc®, Proteace®, ScKvclea* a section of Goodeni- 
ace®, Spigele® a section oWLoganiacc®, Stylidiaee®, Amarylhdace®, Ikcmodorace®, 
Iridacc®, Kcstiace®. 

It is sometimes difficult to tell in wliat division of the globe a family 
may be said to be chiefly represented, inasmuch as the species and 
genera are nearly equal in different countries. When a group of 
plants occurs only in one of the six great divisions of the globe, it is said 
to be monomic (povog, one, and vo t u6; t a region). Thus, Vochysiaceae, 
being confined to South America, isamonomic family; and Cliffortia, 
whose shrubby species are all indigenous to South Africa, is a monomic 
genus. Again, a natural family, common to all the divisions, is poly- 
nomic ; and so also genera, as Viola or Ranunculus. If restricted to 
two or more divisions, the groups are dinomic , trinomic , &c. Acer- 
aceao, found in Europe, Asia, and North America, are trinomic. 

5. — PlIYTO-CEOGllAnilCAL DIVISION OF THE GLOBE. 

1152. The subject will be considered in two points of view: — 1. In 
respect to the horizontal or latitudinal range of vegetation ; and 2. 
In respect to its vertical or altitudinal range. 

1 1 53. Horizontal Rang* of % T egctation. — Various attempts have been 
made to divide the globe into zones or kingdoms, founded on the char- 
acters impressed upon them by the nature of the vegetation. Willde- 
now, Treviranus, De Candolle, Schouw, and Meyen, have each pro- 
posed arrangements. Those of Schouw and Meyen chiefly deserve 
attention. 

4154. Schouw, in his divisions, proceeds on the principle of the 
predominanoe of certain characteristic forms or families of plants. His 
system is founded on the three following requisities : — 1. That at least 
one-half of the known species of plants of that part of thq, earth, consti- 
tuting a botanical region, should be peculiar to it. 2, That one-fourth 
part of the genera of the region should be peculiar to it, or at least should 
have so decided a maximum as to be only represented in other regions. 
3. That individual families ohould either be peculiar to the region, or 
at least reach their maximum in it. The regions are divided into pro- 
vinces according to minor differences in the vegetation j one-fourth 
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of peculiar species, or some peculiar genera, being sufficient to form a 
province. 

1155. — Schouw's Phyto- Geographic Regions. 

1. The Region of Saxifragacece and Musci, or the Alpine Arctic 

Flora. — This region is characterized by the abundance of Mosses and 
Lichens, the presence of Saxifragacece , Gentianacece , CaryopJiyllacecc , 
Cyperacece, S 'cilices; the total absence of tropical families; a notable 
decrease of the forms peculiar to the temperate zone ; by forests of Fir 
and Birch; the small number of annual plants, and the prevalence of 
perennial species; and finally, a greater liveliness in their simple 
colours. In this region there is no cultivation. The region is divided into 
two provinces: — 1. The province of the Carices, or the Arctic Flora, 
which comprehends all the countries within the polar circle, with some 
parts of America, Europe and Asia, which are to the south of it, more 
especially Lapland, the north of Russia, Siberia, Ivamtschatka, New 
Biitain, Canada, Labrador, Greenland, and the mountains of Scotland 
and Scandinavia, mean temperature 36° to 41°. 2. The province of 

Primulacece and Phyteumce, or the Alpine Flora of the south of Europe, 
which embraces the flora of the Pyrenees, Switzerland, the Tyrol, 
Savoy, the mountains of Greece, the Appenines, and probably the 
mountains of Spain. Mean temperature, 47° to 06°. 

2. The Region of Umbelbfei'cc and Crucifer ce. — These tribes are here 
in much greater number than in any other region ; Rosacece , Ranun- 
culacece , Fungi , Amentaccce, and Conferee , likewise very numerous; the 
abundance of Carices , and the fall of the leaves of almost all the trees 
during winter, form also important features of this division. It may 
be separated into two distinct provinces: — 1. The province of the 
Cichoracea ?, which embraces all the north ol Europe, not comprehended 
in the preceding region, namely, Britain, the north of France, the 
Netherlands, Germany, Denmark, Poland, Hungary, and the greater 
part of European Russia. 2. The province ol' the Asti agali, Halophyta , 
and Cynarocephalce , which includes a part of Asiatic Russia, and the 
countries about the Caucasian and Altai mountains. Mean tempera- 
ture, 3G° to 57°. The cultivated plants are — Rye, Barley of different 
kinds, Oats, Wheat and Spelt, Maize, Millet, the Potato, Buck-whtat, 
Apple and Pear, Quince, Cherry, Plum, Apricot, Peach, Mulberry, 
Walnut, Vine, Gooseberry and Currant, Strawberry, Cucumber and 
Melon, Cabbage, Mustard, Pea, Bean, Beet, Spinach, Carfbt, Flax, 
Hemp, Trefoils and Vetches, Rye-grass, &c. 

3. The Region of Labiaice , and Caryophyllaceoe , or the Mediterranean 
Flora. — It is distinguished by the abundance of the plants belonging 
to these two orders. Composites, Galiacew , Boraginacece also occur in 
considerable quantity. Some tropical families%re also met with, such 
as Palms, Laurels, Aracece , Anacardiacece , grasses belonging to the 
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genus Panicum (millet), and some Cyperaceev. Solanacece , Malvaceae . 
Leguminosce , Urticacece , and Euphorbmeeer increase. The forests are 
composed chiefly of Amentacece , and Coni ferae , as birches, oaks, firs, 
&c., the copses, of Ericaceae (the heath tribe,) and Anacardiaccer , as 
the masticfi. We meet in this region with a great number of ever- 
green trees. Vegetation never ceases entirely, but verdant meadows 
are more rare. Schouw divides this region into five provinces: — 1. 
The province of the Cistuses, including Spain and Portugal. 2. The 
province of the Salvire and Scabiosce, the south of France, Italy, and 
Sicily. 3. The province of the Shrubby Labiates , the Levant, Greece, 
Asia Minor, and the southern part of the Caucasian countries. 4. The 
Atlantic province, the north of Africa, of which he does not yet know 
any distinctive character. 5. The province of Semperviva , the Canary 
Isles, and probably also the Azores, Madeira, and the north-west coast 
of Africa ; many Scmpervivums, and some Euphorbias with naked and 
spiny stems particularly characterize this province. Eiica arborea , 
and Pinus canaiiensts are found here. Mean temperature, 54° to 72®. 
Cultivated plants are the same as in the second region, with the addi- 
tion of Rice, Guinea Corn, Italian Millet, Fig, Almond, Orange and 
Lemon, Water Melon, Olive, Cotton. Rye and Buckwheat are only 
cultivated in the mountainous regions 

4, The Region of Asters and holiday os. — This is marked by the great 
number of species belonging to these two genera, by the great variety 
of Oaks and Firs, the small number of Cruciferce and Umbelliferw , Ci- 
choraceas , and Cynarocrphalce , the total absence of the genus Erica , or 
heath, and the presence of more numerous species of Vaccinium , or 
whortleberry, than are to be met with in Europe. It comprehends 
the whole of the eastern part of North America, with the exception of 
what belongs to the first region. It has been divided into two pro- 
vinces: — 1. That of the south, which embraces the Floridas, Alabama, 
Mississippi, Louisiana, Georgia, and the Garolinas. 2. That of the 
north, which includes the oilier states of North America, such as Vir- 
ginia, Pennsylvania, New York, &c. Mean temperature, 54° to 72°. 
In the northern districts, down to the parallels of 55° or 50°, there is 
no cultivation. South of this line, the cultivation is the same as in the 
second region. Maize is cultivated to a greater extent in North 
America trran in Europe, 

5. r Jjbe Region of Magnolias , comprising the most southern parts of 
North America, between 36° and 30°. The tropical forms which show 
themselves more frequently than on a similar parallel of the old con- 
tinent, are the chief feature in the vegetation. Thus we meet with 
Anonacece , Sapindacea ?, Mdotstomaceer, Cactaccae , and Zingiber acece. 
This region has fewer Labiates and Ca> yophyllacece than occur in cor- 
responding latitudes in the Old World. It presents more trees with 
fine blossoms, and shining, sometimes pinnated, leaves, as Mangolia, 
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Tulip-tree* Horse-chestnut, Robinias or False Acacias. Mean tempera- 
ture, 59° to 72°. The same plants cultivated as in the third region. 
Rice is much cultivated. In the southern district, the Sugar-cane is 
productive j and, in the eastern districts, Cotton is grown to a great 
extent. 

6. The Region of Camdliacece and Celastracecc, or the Japanese re- 
gion. — This region is as yet too little known to enable us to determine 
accurately its characteristic features. It embraces the eastern tem- 
perate part of the old continent, namely Japan, the north of China, 
and Chinese Tartary, between lat. 80° and 40° north. Its vegetation 
appears to occupy a middle place between that of Europe, and that of 
North America, approaching more to the tropical than to the European. 
It lias an affinity to the Indian Flora, as shown by the occurrence of 
Bananas, Palms, Zingiberacece, Anonacece , & apindacece, and Oi/cadacece. 
We meet with Eriobotryajaponica or Loquat, Tea, and various species 
of Citrus. Mean temperature, 54° to 68°. The cultivated plants are 
— Rice, Wheat, Barley, Oats, Millet, Buckwheat, Apple and Pear, 
Quince, Plum, Cherry, Apricot, Peach, Loquat, Orange and Shaddock, 
Melon, Tea, Hemp, Paper-Mulberry, Cotton, and False Sago. 

7. The Region of Zin giber acccc, or the Indian Flora . — Zingiberacem 
here are much more numerous than in America, as well as Leguminosce , 
Cucurbitacecc , and Tiliaccce, although in a less degree. In consequence 
of the imperfect state of our knowledge, we cannot subdivide this re- 
gion into provinces. It comprehends India, east and west of the Ganges, 
the island of Ceylon and the south-eastern Peninsula, to the height of 
4,500 to 5,500 feet above the level of the sea. Mean temperature, 
65° 75' to 81° 50'. The cultivated plants are — Rice, Coco-nut, Tama- 
rind, Mango, Giuger, Cinnamon, Mangosteen, Peppers, Indigo, Cotton, 
Coffee, Bananas, Guava, Orange and Shaddock, Sugar-cane, Cloves, 
Turmeric. 

8. The Emodic Region, or the Mountains of India. — This comprises 
the Alpine region south of the ridge of the Himalaya. It includes 
Sirmore, Gurwal, Kamaon, Nepal, and Bhotan, to a height of from 
4,500 to 10,700 feet above the level of the sea. Some tropical plants 
grow in the lower parts of the region. Deodar, Pinus excelsa , Webbiana, 
and other Coniferce, are met with. Mean temperature, 06° to 37°. Some 
European grains and fruit are cultivated, along with Mouftain Rice. 

9. The Region of the Asiatic Islands. — This includes the mountain- 
ous districts of the islands between the south-eastern Peninsula and 
Australia, to the height of 5,500 feet above the level of the sea. Mean 
temperature, 66° to 84°. The cultivated ptents are those of the 
Indian region (7); also, Bread-fruit, Cassava, Nutmeg, Camphor, Papaw, 
and Dammar. 

10. The Region of Upper Java. — This embraces those districts of 
the island of Java and the islands of the Indian Archipelago which 
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Lave an elevation of 5,500 feet above the level of the sea. The vege- 
tation of this region has not been sufficiently ascertained. 

11. The Polynesian Region. — This includes all the islands of the 
Pacific Ocean within the Tropics. Mean temperature, 72° to 82°. 
The cultivated plants are — Bread-fruit tree, Coco-nut, Double Coco- 
nut, Yams, Plantain, Cabbage, Palm, Paper-Mulberry. 

^2. The Region of Aymridacem , or of Balsam trees. — This compre- 
hends the Persian or Arabian Flora, especially the south-western part 
of the highlands of Arabia or Yemen. In this region are many trees 
yielding gums and balsamic resins, as species of Mimosa , Acacia , Bal- 
samodendron , Boswellia. Cultivated plants are — Maize, Millet, Date- 
palm, Coco-nut, Fig, Apricot and Peach, Plum, Apple, Quince, Vine, 
Coffee-tree, Tamarind, Papaw, Sugar-cane, Ginger, Cotton, and Indigo. 

13. The Desert Region. — This includes Northern Africa, to the 
south of the mountains of Atlas, between lat. 30°and 15° N., and the 
northern part of Arabia. Phoenix dactylijera , or the Date-palm, and 
Cucifei'a thehaica , or Doom palm, are found here, but little is known 
in regard to the vegetation of the region. Mean temperature, 72° 
to 86°. Cultivation is confined to the valley of the Nile and the Oases. 
We meet with Guinea Corn, Wheat and Barley, and the South Euro- 
pean and Indian grains. 

14. The Region of Tropical Africa. — This includes that part of 
Africa lying between the parallel of 15°, and the tropic of Capricorn, 
or between the northern and southern limits of periodical rains, with 
the exception of Abyssinia and the unknown countries of the in- 
terior. The Flora of the western part of this region is characterized 
in part by Adaasonia , or the Boabab, one of the largest known trees. 
We also meet with the Efais guincensis , a palm which furnishes oil. 
Other characteristic plants are Sarcoccphalus escvlentus and Schmiedelia 
africana. The vegetation of Guinea and Congo is a mixture of the 
Floras of Asia and America, though most resembling the former. The 
eastern part of the region, including Madagascar, has a peculiar 
Flora, distinguished chiefly by the genera Danais , Ambora , Dombeya, 
Dnfourca , Didymomeles , and bcnacea. Mean temperature, 7 2° to 8 6°. 
Cultivated plants: Maize, Rice, Guinea Corn and Millet, Yams, Cas- 
sava, Banana, Mango, Papaw, Pme-Apple, Cashew, Tamarind, Coffee, 
{Sugar, Cotton, Ginger, Cardamoms, Earth-nut. 

» 15. Tin*, Region of Cactacecc and Piper aceoe. — This embraces 
Mexico, New Grenada, Guiana, and Peru. These natural orders are 
here predominant, both as regards the number of species and the in- 
dividual plants. Murichi or Ita Palm, Phytelephas or Ivory Palm, and 
Victoria regia , are found in this region. Mean temperature, 68 ° to 86 °. 
Cultivated plants: Maize, Guinea Corn, Cassava, Yams, Batatas, 
Arracacha, Arrow-root, Plantain, Mango, Custard Apples, Guava,' 
Coco-nut, Papaw, Avocado Pear, Pine Apple. Cashew, Tamarind. 

2 D 
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Grenadilla, Vine, Indian Fig, Jambos, Chocolate, Vsnille, Coffee, 
Sugar, Capsicum, Cochineal-Cactus, Cotton, Earth-nut. 

IS. The Region of the Highlands of Mexico. — This embraces the 
districts which have an elevation of more than 5,500 feet above the 
level of the sea. Many European plants are cultivated here, as well 
as Maize. Pinus religiosa and other Conijeras are found. Mean tem- 
perature, 78° to 64°. 

17. The Region of Cinchonce , or Medicinal Barks. — This comprises 
a part of the elevated regions or Cordilleras of South America, in- 
cluded in the torrid zone, the Andes from 5,500 to 9,000 feet. The 
Cinchona belongs exclusively to this region, and forms its principal 
feature. In the higher regions the Potato and Quinoa are cultivated, 
as well as some European grains and fruits. In the lower districts, 
Maize and Coffee are still cultivated. Mean temperature, 68° to 59°. 

18. The Region of Escallonice and Calceolarice . — It embraces the 
highest parts of South America, or that portion of the chain of the 
Andes, which has more than 9,600 feet of elevation. Besides the 
plants mentioned, we meet with alpine plants, as Saxifrages and 
Gentians, and species of Dr aha , Aren aria , Car ex, Lobelia , and Salvia , 
besides some European genera belonging to the orders Graminece and 
Cidioracece , such as Bromus , Festuca , Poa, Apargia , and Uypochceris. 
Mean temperature, 59° to 34°. 

19. The West Indian Region. — This includes the whole district of 
the Great and Little Antilles. Bananas, Plantains, Mangos, Guava, 
Avocado Pear, Tamarind, and many other useful plants are met with. 
The Flora is intermediate between that of Mexico and the northern 
parts of South America. Mean temperature, 59° to 78°. Cultivated 
plants the same as those in the fifteenth region. 

20. Region of Palmce and Melastomacece. — It embraces Brazil and 
that part of South America which lies to the east of the chain of the 
Andes, between the Equator and the Tropic of Capricorn. Vellozia 
and Lichnophora give a decided feature to the peculiar vegetation of 
some of the mountainous parts. Here, also, numerous large peculiar 
species of Eriocaulon occur. Species of Croton , Dor sterna, and HelF 
conia are also met with, aloDg with arborescent Solanums . In place 
of the few mosses and lichens which cover the trunks or branches 
of forest trees in temperate climes, in Brazil they are bearded from 
the roots to the very extremities of the smallest branches with 
Ferns, Aracese, Tillandsias, Cactuses, Orchids, Piperomias, and Ges- 
neras. Mean temperature, 59° to 82°. Same plants cultivated as in 
the fifteenth region. 

21. The Region of Arborescent Compositce. — The great number of 
arborescent Compositce , and of plants belonging to the order Caly - 
ceracece, forms the chief feature of this Flora, which approaches in a 
remarkable mapner to that of Europe, whilst it differs entirely from 
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the floras of Chili, the Cape, and New Holland. This region com- 
prehends the lower part of the basin of La Plata, and the plains which 
extend to the west of Buenos Ayres and Chili, between the Tropic of 
Capricorn and latitude 40° south. (The Flora of Chili approaches 
that of New Holland, the Cape of Good Hope, .and New Zealand, in 
Goodenia , Araucaria , Proteaceae, Gamier a, A newt rum.) Mean tem- 
perature, 59° to 75°. European plants form here objects of culture. 
Wheat, the Vine, and the Peach, are widely extended. 

22. The Antarctic Legion. — T his includes the countries near the 
Straits of Magellan, Terra del Fuego, and the Falkland Islands. There 
is a considerable resemblance between the vegetation here and what is 
seen in the north temperate zone. Polar forms display themselves in 
the species of Saxifrage, Gentian, Arbutus, and Primrose. There is 
also a resemblance between the plants of this region and those of the 
mountains of South America, of Chili, the Cape, and New Holland. 
Fagus antaictica and Winter’s Bark occur here. Many of the com- 
mon British weeds are found at the southern extremity of South 
America. In the Falkland Islands is found Dactylis ccespitosa, the 
Tussac grass, which furnishes most valuable fodder. Mean tempera- 
ture, 41° to 46°. No cultivation. 

23. The Region of M esembryanf^ema and Stop dice . — These two 
genera, as well as the Ericecc, Heaths, are very abundant. The latter 
family is found in greater quantity here than anywhere else. The 
region embraces the southern extremity of Africa. IriclacetP , Pelar - 
goniums, Aloinea ?, Bruniaceoc, and Selaginaccce , and various GnaphaD 
iums and Elichrysums , occur in this region. Mean temperature, 
55° to 73°. Cultivated plants : European kinds of grain, fruit, and 
vegetables ; also Batatas, Plantains, Tamarind, Guava, and Shad- 
dock. 

24. The region of Epacridacece and Eucalypti . — It comprehends 
the temperate parts of New Holland and Australia be)ond the tropics, 
with the Island of Tasmania or Van Diemen’s Land. Besides the 
plants whence it receives its name, it is characterized by the orders 
Btackhousiaceae and Trcmandracece , and by the presence of a great 
number of Proteaceae , Myrtacece , Stylidiacece, Restlacecv, Dios niece, Casu- 
arinfoe, and Acacias. Araucaria , or Eutassa excelsa , the Norfolk Island 
Pine, forms one of the features of the region. It is one of the Djost 
peculiar Floras. Mean temperature, 52° to 72°. In the British Co- 
lonies, the European kinds of grain $nd fruit are cultivated 

25. The Region of New Zealand. — This Flora, besides the plants 
peculiar to New Zealand, as Phormium ten ax. New Zealand Flax, com- 
prehends several others which belong to the extremities of America, 
Africa, and Australia. We find in these islands Corypha australis, 
the Australian or Southern Palm, Tree Ferns, and Dracaenas, forests 
of Dammara auslrulis , one of the Conifer a, and many Myitacece. 
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Mean temperature between latitude 34° and 36° south, from 61 0 to 
63°. Many of the European plants are cultivated , # 

1156 . Meyen divides the horizontal range of vegetation into zones, 
taking for his basis the three ordinary divisions of the torrid, the 
temperate, and the frigid zone, and subdividing each hemisphere 
into eight smaller zones. 

1157 . — Mcyeris Phy to- Geographical Zones. 

A — TORRID ZONE. 

1. Equatorial Zone. — This extends 15° on both sides of the equator, 
and has a mean annual temperature of 78^° to S2J° F. The forms 
characteristic of this zone are chiefly Palmae, Musaceae, aborescent 
(jrramineae, Pandanus, Scitnminese, Orchids, and Lianas ; besides plants 
belonging to the orders Malvaceae, Anonacete, Anacardiaceje, Arto- 
carpeie a section of Urticaceae, Lecythidaceae, Malpighiacese, Sapin- 
dacea?, Caesalpinieue a section of Leguminosa), Cedrelaceae, and many 
others. 

2. The Tropical Zone. — This reaches from the 15th degree on each 
side of the equator to the tropics, in 23° latitude. Mean temperature 
73^° to 78|°. Summer temperate, 80 to 80°; winter tempera- 
ture in the eastern coast countries, 50°. Besides many equatorial 
forms, as Palms, Musaceic, Scitamineoc, Meliacese, Anonacese, Sapin- 
daceae, Orchidaceac, Aracese, and Lianas, there are in this zone Tree- 
ferns, and plants belonging to Convolvulaceae, Melastomaceae, and 
Piperaceax 

R. — TEMPERATE ZONE 

3. Subtropical Zone. — This extends from the tropics, 23° to 34° of 
latitude. Mean temperature, G2J° to 71 J°; summer temperature, 
73£° to 82 }/. There is a number of tropical fruits in this region. 
The winters are mild, and vegetation is green throughout the year. 
In the northern division of the zone, Palms and Bananas grow on the 
plains. The Date-palm, Doom-palm, Chamrerops Palmetto, many 
succulent Mcsembryaccae and Ciassulacefo, arborescent Euphorbias, 
Camellia, Then, Aucuba, and [Magnolias, are met with. In the 
southern division are Proteaceae, Myrtaceop, Epacridacese, Erica- 
ceae, many Compositae, Diosmeap, Zamias, and Cactacese. 

4. The warmer Temperate Zone. — It embraces the space between 
34° and 45° of latitude, including the southern part of Europe, 
Asia Minor, north of China, and Japan. Mean temperature, 53J° to 
G2i°. Summer temperature in North America, 77°; in Europe, 
75^° to G8°; in Eastern Asia, 82^°; Winter temperature in the Nev.- 
World, 44^° to 32 J°; in Europe, 50° to 34^° ; iq Eastern Asia, 26J°. 
Many subtropical forms occur. Evergreen dicotyledonous trees and 

* See q Coloured Delineation of these Regions in Johnston's Maps, 
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shrubs, Cistuses, many species of Ericaceae, Lauracese, and Myrtacese, 
and the Vine, are met with. In some parts of the zone, Solidagoa 
and Asters, Magnolias, and Smilacefe, abound ; while in others there 
are representatives of the Mimosa form, Myrtacese, and Proteaceae. 

5. 'Hie colder Temperate Zone. — This includes a belt from 45° to 
58° latitude. Mean temperature, 43° to 531°. Minimum summer 
temperature on the West Coast, oGj- 0 ; in the interior of the Continent, 
68°; Minimum winter temperature in the interior of Europe, 14°. 
England, the north of France, and Germany, supply the characteristics 
of the vegetation of this zone. It embraces the region of Umbelliferae, 
and Cruciferm of Schouw. Meyen selects plants having a more marked 
physiognomic effect, such as ordinary Dicotyledonous trees, along with 
Abietineae, and heaths covered with Calluna vulgaris 

G. The Subarctic Zone. — This reaches from 58° latitude to the 
arctic circle, 66°. Mean temperature, 39 to 43°. Summer tem- 
perature in the New World, G6]f' ; in the Old World, 60f° to G8° ; 
Winter temperature of the former, 14° ; of the latter (Western Europe), 
24 1°; of the inteiior of Bussia, 14° to 1(^°. It is characterized by 
Firs and Willows in the northern hemisphcier 


C. — 1' P.IG1D ZONE. 

7. The Arctic Zone. — This extepds from the Arctic circle, 66° to 
72°. . Mean temperature, 28^° to 32°, and towards the eastern and 
continental portions, far below the freezing point. The Biicb, and 
some Conifersc, may be said to characterize this zone. 

8. The Polar Zone. — This includes all lands from 72° to 82° lati- 
tude, The mean temperature of one point in this zone, viz , Melville 
Island, is li°. In the Old World, the mean temperature is lGi°. 
Summer temperature of the New World, 37^°, and of the Old, S8^° ,* 
Winter temperature, — 28° in the New, and — in the Old World. 
No trees nor bushes grow in this zone. Some Saxifrages, and nume- 
rous Cryptogamic plants, as Lichens, prevail in it. 

1158. vertical i*ung<> »f Vegetation Under this head we consider 

the changes produced in the physiognomy of vegetation on ascending 
nffrantains. It has reference to the distribution of plants in an altitu- 
dinal or hypsometrical point of view. This geographical range is best 
seen in the high mountains of tropical countries, where all giadations 
are met with, from the heat of the torrid zone to the cold of the frigid 
zone. Humboldt, in describing South American scenery, remarks: — 
a In the burning plains, scarce raised above the level of the Southern 
Ocean, we find Bananas, Cycadacese, and Palms in the greatest luxuri- 
ance ; after them, shaded by the lofty sides of the valleys in the Andes, 
Tree Ferns; next in succession, bedewed by cool misty clouds, Cin- 
chonas appear. When lofty trees cease, we come to Aralias, Thibau- 
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dias, and myrtle-leaved Andromedas ; these are succeeded by Boj arias 
abounding in resin, and forming a purple belt around the mountains. 
In the stormy regions of the Paramos, the more lofty plants and showy 
flowering herbs disappear, and are succeeded by large meadows covered 
with grasses, on which the Llama feeds. We now reach the bare 
trachytic rocks, on which the lowest tribes of plants flourish. Par- 
melias, Lecidias, and Leprarias, with their many-coloured sporules, 
form the flora of this inhospitable zone. Patches of recently fallen 
snow now begin to cover the last efforts of vegetable life, and then the 
line of eternal snow begins.” 

1159. On the mountains of tempeiate regions the variety is rather 
less, but the change is not less striking. “ We begin to ascend the 
Alps, for instance, in the midst of warm vineyards, and pass through 
a succession of oaks, sweet chestnuts, and beeches, till we gain the 
elevation of the more hardy pines and stunted birches, and tread on 
pastures fringed by borders of perpetual snow. At the elevation of 
1,950 feefcy the vine disappears; and at 1,000 feet higher, the sweet 
chestnuts cease to grow; 1,000 feet farther, and the oak is unable to 
maintain itself; the birch ceases to grow at an elevation of 4,680, and 
the spruce fir at the height of 5,900 feet, beyond which no tree appears. 
The Rhododendron ferrugineum (the Rose of the Alps) then covers 
immense tracts to the height of 7,480 feet, and Salix herbacea creeps 
200 or 300 feet higher, accompanied by a few Saxifrages, Gentians, 
and Grasses, while Lichens and Mosses struggle up to the imperishable 
barrier of perpetual snow.” In central and southern Europe, the pro- 
portion of Monocotyledons to Dicotyledons, which is as 1 to 4 in the 
plains, decreases with the elevation on dry mountain slopes, till at the 
height of 8,526 feet, it is as 1 to 7. Moist mountain slopes favour 
Monocotyledons, the proportion on them being as 1 to 3. 

1160. The following table shows the height at which corn and trees 
grow in different quarters of the globe: — 

Torrid Zone. Temperate Zone. ^Zomf 

Mountains 

oi Mexico, Canrasus, Pyrenees, Alps, Lapland, 
20° Lat 42° 31/ 43° 4fr> G7^7V' 

13,478 9,900 8,400 .. 8 , 220 .... 3,300 

12,000 0,700 7,020 6,000 1,500 

1,478 3,200 1,380 2 , 220 .... . 1,800 

3,780 4,200 2,700 

In the Himalaya, the upper limit of trees on the south side is marked 
by Quercus semecarpilolia, at 11,500 feet, and on the north side by 
lletula alba, at 14,000 feet. The Birch also forms the limit on the 


Andes 
0° Lat. 

Inferior limit of per-) . _ - 

p«tual snow. 15 ’ 200feet 

Upper limit of trees, 10,800 — . 

Distance between \ ^ 

trees and snow ...) ’ 

Distance between ^ 2 qq 

snow and coin,... i ’ 
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Caucasian mountains. On the Pyrenees and Alps, the limit of tree9 
is marked by Coniferae; on the Pyrenees, by Pinus uncinata; on the 
south 6ide of the Alps, by Larix europsea, the Larch; and on the north 
side, by Abies excelsa. In Lapland, the Birch forms the upper limit 
of trees. The upper limit of shrubs is determined by the Khododen- 
drons in the Old World, on the Pyrenees at 8,312 feet, and on the 
Alps, at 7,480; and by Bejarias on the Andes, at the height of 13,420 
feet. On the south side of the Himalaya, Juniperus, Salix, and Ribes, 
form the upper limit of shrubs, at 11,500 feet; on the north, Genista 
versicolor ascends to 17,000 feet. 

1161. The following have been given by some authors as the zones 
of Alpine vegetation; — 


1. Region of Lowland cultivation. Its extent of elevation is at the spot where the 

prevailing cultivated plants tf the latitude cease to be productive. In Mount 
# ^Etna, it rises to 3,300 feet ; on Tenerifle, to nefrly 3,000 (zone of vines). It 
embraces two zones of the Cactus and Kuphorbia in the Canaries.* In Madeira, 
it embraces two regions of Spix and Martins ; the region of tropical plants reach- 
ing to 700 feet, and the region of the vine, fiuit, and com, to 2,300. In Nor- 
way, Sweden, and Finmark, it is narrow. In the Carpathians, it rises to 1,500 
feet. Within the tropics, it is a broad and important region. On the Andes, 
at Quito, it only ceases at 5,000 or 0,000 feet, 

2. Region of Woods. A magnificent region in all Alpine districts, and well charac- 

terized on the Andes and Himalaya. Humboldt notices it in TenerifFe. In 
A£tna, it extends to 6,200 feet. In the Canaries, to 4,080. In Madeira (regimi 
of Chestnut), to 2,950. In Lapland, it extends to 800 feet. In Finmark, 70° 
north latitude, to 730. 

3. Region of Shrubs. Region of Retama (Spartium nubigenum) in Tenerifle. On 

the Pyrenees and Mount Blanc, it is extensively covered to about 9,000 ft et 
with Rhododendrons. In the Andes, about Quito, it reaches 13,000, and is con- 
spicuous for its shrubby composifae In Madeira, it embraces Kuhl’s regions of 
Spartium and Heath. On the mountains of Lapland, it attains 1,000 feet, and 
is characterized by Betula nana, Vaccinium, and Salix. In Finmark, its limits 
are 1,100. 

4. Region of Grasses. These predominate in certain Alpine situations, and in certain 

parallels of latitude In South Shetland, none of the islands exhibit any Phan- 
erogamous vegetation, vrith the exception of straggling grass In Melville 
Island, 75° north latitude, the proportion of grasses to Phanerogamous plants is 
1 to 5 ; in Great Britain, 1 to 3 2L In the Andes, the legion is traced to 

.. 0 ^Paramos, and occupies a space of 13,000 to 14,500 feet; here are large cattle 
farms. In the Himalaya, a tine green sward is often seen at 14,000 ieet. In 
TenerifFe, it is distinguished by Humboldt. On the Swiss Alps, Poa annua 
exists at an elevation of 7,400 feet- 

5 Region of Cryptogamous plants. This is well marked in many places. Colonel 
Hall, in Chimborazo, under the Equator, at nearly 16,000 feet, found Draba 
aretoides, and Culcitium rufescens ; still higher, a moss, which may be con- 
sidered as having attained the highest limit on the globe at which vegetable life 
exists. Lichens are the latest plants met with in ascending TenerifFe, the Him- 
alaya mountains, and the Alps." 

1162, In the mountains of the torrid zone, the following regions 
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are described by Meyen, corresponding to the zones given in his hori- 
zontal range of vegetation: — 

1. The region of Palm^ and Banana^, extending from the level of the sea to 1,900 

feet of altitude. It corresponds to the Equatorial zone. 

2. Region of Tree Ferns, and species of Ficus, extending from 1,900 feet to 3,800. 

(Tropical zone.) 

3. Region of Myrtaecjc and Lauracea?, extending from 3,800 to 3,700 feet. (Subtro- 

pical zone.) 

4. Region of Evergreen Dicotyledonous trees, extending from 5,700 to 7,600 feet. 

(Warm Temperate zone.) 

5. Region of Deciduous Dicotyledonous trees, extending from 7,900 to 9,500 feet. 

(Cold Temperate zone.) 

6. Region of Abietiiiivv, the Pine and Fir, extending from 9,500 to 11,400 feet. 

(Subarctic zone.) 

7. Region of Rhododendrons, extending from 11,400 to 13,300 feet. (Arctic zone.) 

8. Region of Alpine plants and Lichens extending from the upper limit of shrubs to 

the allow line at 15,200 feet, (Polar zone.)* 

11G3. Zones of TOarfne Vegetation. — The ocean, as well as the 
land, pos&sses its vegetable lorrns, which vary according to their posi- 
tion, surrounding medium, relative degrees of pressure, and exposure to 
light. Harvey lias observed that some sea weeds seem to be unaffected 
by circumstances of this nature, and are found equally abundant under 
opposed latitudes and in extremes of temperature. The lower we 
descend in the scale of marine vegetation the better is this illustrated. 
Many of the Diatomacete seem to be generally distributed. 

1164. Lamouroux has estimated the marine Algae as ranging from 
5,000 to 6,000, which he has shown are distributed in various 
regions. Their distribution is much influenced by the degree of ex- 
posure to light, as well as by the motion of the waves. Great depths 
of the ocean are observed to exercise an influence on marine vegeta- 
tion, similar to that which high mountains have on laud plants. 
Some species, as the Laminaria?, are confined to the colder regions of 
the sea, while others, as the Sargassa, are only found where the mean 
temperature is considerable. The colour of Algre may be regarded 
as being in a measure indicative of their depth of growth, the Alga? 
of green colour being generally found either in fresh water or in 
the shallower parts of the sea ; the olive-coloured Alga* abound mpst 
between tide marks ; those of a red colour occur chiefly in the deep 
and dark parts of the sea. 

Marine vegetation is found to vary both in its horizontal and verti- 
cal range. This difference is less decided than that which is observ- 
able amongst land plants, owing probably to the greater uniformity 
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of the ocean’s temperature. The ocean has been divided into the fol- 
lowing provinces of marine vegetation : — 1 . The Northern Ocean, from 
the Pole to the 60th parallel of north latitude. 2. The North Atlantic, 
between the 60th and 40th parallels, the province of the species of 
Fucus proper. 3. The Mediterranean, which is a sub-region of the 
warmer temperate zone of the Atlantic, lying between the 40th and 
23d northern parallels. 4. The tropical Atlantic, in which Sargassum 
abounds. 5. The Antarctic American regions from Chili to Cape 
Horn, and the whole circum-polar ocean south of 50° of latitude. 
6. The Australian and New Zealand province. 7. The Indian Ocean 
and Bed Sea. 8. The Japan and China seas, besides certain pro- 
\inces in the Pacific. 

1165. Forbes remarks of the vertical range, that one great ma- 
rine zone lies between high and low water mark, varying in species 
according to the nature of the coast. This zone is generally uniform 
throughout the northern hemisphere. A second zone begins at low 
water mark, and extends to a depth of 7 to 15 fathoms. The first of 
these, or the littoral zone, has been divided into sub-regions, m which 
certain marine species are found to prevail. 1. The sub-region of 
Fucus canaliculatus. 2. The .sub-region of Lichina. 3. The sub- 
region of Fucus articulatus, F. nodosus, and Corallina officinalis. 
4. The sub-region of Fucus serratus. The second or Lauiinarian 
zone includes the great Tangle sea-weeds and deep-water Fuci. The 
lowest forms of vegetable life do not, in British seas, extend deeper 
than 50 fathoms. In the Mediterranean and the zEgean Sea, the 
Coralline zone ranges from 50 to J 00 fathoms. The lowest forms of 
marine vegetation are alone met with in the deepest waters. 

1166. Marine vegetation is equally various in its horizontal range. 
In the North Sea and the British Channel, Chorda Filum is found to 
constitute beds of 15 to 20 miles in length, and about GOO feet in 
breadth. Sargassum bacciferum constitutes the Gulf-weed of the 
Atlantic. It occupies the eddy caused by the revolution of the At- 
lantic current, and extends over a space of 260,000 square miles. It 
appears to derive its sustenance wholly from the ocean, inasmuch as 
it has never been found attached. The Macrocystis pyrifera, and the 

■Hfevnuiaria radiata are remarkable for the size and extent of their 
range. Immense green masses of the Macrocystis are met with in 
every latitude. The tribe Fucoidese are met with in abundance 
towards the poles, in which regions they are observed to attain their 
greatest bulk, diminishing and ceasing as they approach the Equator. 
Cystoseireee follow a course in the higher latitudes of the southern 
hemisphere similar to the Fucoidese. Laminarias inhabit the antarctic 
ocean, and stretch northwards to the Cape of Good Hope. The 
red, green, and purple Lavers of the British seas are found at the 
Falkland Islands. 
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Species which are found abundantly in one sea may be scarcely 
present in another. This is seen in the difference between the marine 
vegetation of the Red Sea as compared with that of the Mediter- 
ranean, and that of the Mediterranean as contrasted with the Atlan- 
tic. The genera Sargassum and Caulerpa of the Red Sea are repre- 
sented in the Mediterranean, by very few, and those distinct species. 
The genus Fucus, which is common in the Atlantic, is almost entirely 
wanting in the Mediterranean. Many Florideae which abound in the 
open seas do not adorn the rocks in the Mediterranean. 

1167. Distribution of Plants in Britain. — The climate of Britain is 
influenced by its geographical position, and the form and elevation 
of its surface. The eastern coasts partake more of the continental 
climate, while the western experience the insular or more equable 
climate. The mean temperature varies from 46° to 52° F. In 
ascending the mountains there is a fall of l w ’ of the thermometer on an 
average for every 240 or 250 feet of ascent. The Phanerogamous 
species and varieties amount to nearly 1,600; the Cryptogamous to 
about 2,800. Mr. H. G. Watson, who is our chief authority on the 
geography of British plants, in his earlier works gives the following 
distribution in ascending regions : — 

1. The region of the Plains. This include* all the low and open country from the 

south coast of England to the borders of the Highlands, in lat. 56° 56^°, ter- 
minating at the sea level on the shores of the Clyde and Tay. It contains the 
common weeds and wild flowers of the country, and among trees, the Oak, 
Ash, &c. 

2. Upland Region. This is maiked by the occurrence of Vaccinium Vitis-Idaea, 

Arctostaphylos Uva-Ursi, Polygonum viviparum, Trientalis europcea, Linnsea 
borealis, &c. 

3. Median Region. A narrow belt just above the upper limit of cultivation, and tbe 

growth of Amentacea) such as the Oak and Hazel. 

4. Subalpine Region. This commences at from 1,500 to 2,400 feet above the level 

of the sea. J uncus trifidus, Saxifraga nivalis, and Gnaphalium supinum occur 
here. 

5 Alpine Region. This region is only truly seen in Scotland. Saxifraga cernua 
and rivularis, Draba rapestr s, Luzula arcuata, Stellaria cerastoides, and Alsir.e 
rubella, may be said to characterize it 

Of late years, Mr. Watson has proposed the following geographical 
division of British plants : — 

1. Agrarian. Plants found only within the limits of cultivation, or within the limits 

of Pteris aquilina, in waste land, tbe elevation or climate of which would not fur- 
bid successful cultivation 

2 . Arctic- Agrarian. Plants found within the region of cultivation, and also above 

thesa limits. 

8. Arctic. Plants found only above the limits of cultivation. 

1168. In considering the distribution of British plants in connection 
with geographical or local position, Watson suggests the following 
types : — 
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1. Atlantic type : embracing species found in the south-west of England and Wales, 

as Erica dliaiis, Sibthorpia europfea, and Euphorbia Peplis. 

2. Germanic type : including species chiefly seen in the south-west of England, the 

chalk plants, as Phyteuma, Ophrys, Hippocrepis, and Onobrychis. 

3. The English type : consisting of species chiefly or exclusively found in England, 

and decreasing in frequency northwards, as Acer cainpestre, Tamus commutes, 
Iris foetidissima, Orchis Morio. 

4. British type: comprehending species widely spread o\er Britain, as Beilis, Cal- 

ltma, Oorylus. 

h. Scottish type: embracing species prevalent chiefly in ‘Scotland, or the north of 
England, as Trollius, Linnsea, Andromeda, Primula favinosa. 

6. The Highland type : containing species either limited to the Scottish Highlands, 

or extending to the mountains of the north of England and Wales, as Salix 
herbacea, Azalea, Arctostaphylos, Lobelia, Subularia. 

7. Hebridean type: composed of a few species peculiar to the extreme north and 

west of Scotland, or at least chiefly seen there, as Eriocaulon septangulare, 
Ajuga pyramidalis, Primula scotica. 

1169. Professor E. Forbes has adopted Mr. Watson’s view. He 
thinks that the vegetation of the British islands may be said to be 
composed of five floras : — 1. A west Pyrenean, confined to the west i f 
Ireland, and mostly to the mountains of that district. 2. A flora re- 
lated to that of the north-west of France, extending from the Channel 
Isles, across Devon and Cornwall, to the south-east and part of the 
south-west of Ireland (Watson’s Atlantic type). 3. A flora common 
to the north of France and south-east of England, and especially 
developed in the chalk districts (Watsons Germanic type). 4. An 
Alpine flora, developed in the mountains of Wales, north of England, 
and Scotland (Watson’s Highland type). 5. A Germanic flora, ex- 
tending over the greater part of Great Britain and Ireland, mingling 
with the other floras, and diminishing, though slightly, as we proceed 
westwards, indicating its easterly origin and relation to the character- 
istic flora of northern Germany (Watson’s British, English, and Scottish 
typJS). In attempting to account for the peculiarities of these floras, 
most of which had been previously noticed by Mr. Watson, Professor 
Forbes enters into some geological speculations, which, although 
entirely conjectural, are well worthy of consideration. He numbers 
in ascending order these floras, according to their magnitude as to 
eies, and also, in his opinion, according to their relative age and 
period of introduction into the area of the British islands. His con- 
clusions on this point are the following : — 

u 1. The oldest Of the floras now composing the vegetation of the 
British isles, is that of the mountains of the west of Ireland. Though 
an Alpine flora, it is southernmost in character, and is quite distinct 
as a system from the floras of the Scottish and Welsh Alps. Its vexy 
southern character, its limitation, and its extreme isolation, are evi- 
dences of its antiquity, pointing to a period when a great mountain 
barrier extended across the Atlantic from Ireland to Spain. 
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“ 2. The distribution of the second flora, next in point of probable 
date, depended on the extension of a barrier, the traces of which still 
remain, from the west of France to the south-east of Britain, and 
thence to Ireland. 

“ 3. The distribution of the third flora depended on the connection 
of the coast of France and England towards the eastern part of the 
channel. Of the former existence of this union no geologist doubts. 

“ 4. The distribution of the fourth, or Alpine flora of Scotland and 
Wales, was effected during the glacial period, when the mountain 
summits of Britain were low islands, or members of chains of islands, 
extending to the area of Norway through a glacial sea, and clothed 
with an arctic vegetation, which in the gradual upheaval of those 
islands and consequent change of climate, became limited to the sum- 
mits of the new formed and still existing mountains. 

“ 5. The distribution of the fifth, or Germanic flora, depended on 
the upheaval of the bed of the glacial sea, and the consequent con- 
nection of Ireland with England, and of England with Germany, by 
great plaius, the fragments of which still exist, and upon which lived 
the great elk and other quadrupeds now extinct. 

“ The breaking up or submergence of' the first barrier led to the 
destruction of the second ; that of the second to that of the third; but 
the well-marked epoch of migration of the Germanic flora indicates 
the subsequent formation of the straits of Dover and of the Irish Sea, 
as now existing. 

“To determine the probable geological epoch of the first or west- 
Ii ish flora — a fragment, pen haps with that of north-western Spain, 
of a vegetation of the true Atlantic— Forbes seeks among fossil plants 
lor a starting-point. This he gets in the flora of the London clay, or 
Eocene, which is tropical in character, and far anterior to the oldest 
of the existing floras. The geographical relations of the Miocene sea, 
indicated by the fossils of the crag, give an after-date certainly to the 
second and third of the above floras, if not to the first. The epoch of 
the red or middle crag was probably coeval with the second flora; 
that of the mammaliferous crag with the third. The date of the fourth 
is too evident to be questioned; and he regards the glacial region in 
which it flourished as a local climate, of which no true traces — 
as animal life is concerned — exist southwards of his second and third 
barriers. This was the newer Pliocene epoch. The period of the 
fifth flora was that of the post tertiary, when the present aspect of 
things was organized. 

“Adopting such a view of the relations of these floras in time, he 
thinks that the greatest difficulties in the way of changes of the 
earth’s surface and destruction of barriers— deep sea being found 
where land (probably high land} was— are removed when we find that 
those greater changes must have happened during the epoch imme- 
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dia^ely subsequent to the Miocene period; for we have undoubted 
evidence that elsewhere, during that epoch, the Miocene sea-bed was 
raised 6,000 feet in the chain of Taurus, and the barriers forming the 
westward boundary of the Asiatic Eocene lakes so completely annihi- 
lated, that a sea several hundred fathoms deep now takes their probable 
place. The changes required for the events which he would connect 
with the peculiar distribution of the British flora are not greater than 
these. Professor Forbes thinks that the peculiar distribution of en- 
demic animals — especially that of the terrestrial mollusca — bears him 
out in these views.” 

1170. The observations of Watson and Forbes lead to the conclusion 
that, with the exception of Eriocaulon septangulare, the British islands 
do not contain a single plant which is not found on the continent of 
Europe. These islands, therefore, cannot he considered as a centre of 
vegetation, but as having been colonized by successive vegetable mi- 
grations. Their opinion as to the origin of British plants, as con- 
densed by Martins, is, that these islands have been peopled by many 
colonies successively leaving the continent of Europe, from the epoch 
of the middle tertiary formation up to our own. When a vast con- 
tinent extended from the Mediterranean regions to the British islands, 
the plants of the Asturias, and those of Armorica, peopled the south 
of England and Ireland. To this period succeeded the glacial epoch, 
during which the lands were irnmerged to a depth of about 1,300 or 
1,400 feet. This is the period of the migration of the arctic plants, 
which still inhabit the tops of the Scottish mountains. When these 
lands emerged anew, England was united to France, the temperature 
being such as it is at present. At this time, the great German floral 
invasion took place, absorbing, so to speak, all the rest, and leaving 
very slight remains of them. Thus, while the Asturian plants, those 
of the south, are reduced to a small number of species confined to the 
south-west of Ireland, the hardy vegetables of the north completed 
their conquest. The colonization being completed, England became 
separated from the continent. 

1171. Martins agrees with Watson and Forbes in their general 
views of the British flora, adopting the following types : — ■ 

1. Asturian — the remains of a Peninsular flora. 

2. Armorican type — vegetation like that of Biittany and "Normandy. 

3. Boreal type— flora like that of the Swiss Alps, Lapland, Iceland, and Green- 
land. 

4. Germanic type — the basis of the vegetation of England. 

He thinks, that while Europe has had the principal part in the colo- 
nization of the British island, a great vegetable migration has also 
taken place from America ; and that the arctic plants originating in 
Greenland, have propagated, themselves across Iceland, Feroe, and 
Shetland, as far as the mountains of Scotland. These mountains have 



ACCLIMATIZING OF PLANTS. 


therefore derived their Bora partly from Norway and partly fry m 
Greenland, by a sort of double migration. His opinion is founded on 
the fact, that the relative proportion of plants, exclusively European, 
which enter into the flora* of Shetland, is into that of Feroe, j - ; 
and into that of Iceland, ; all the rest being common to Europe and 
America. In proportion, therefore, as we remove from Europe, the 
number of vegetables peculiar to that continent diminishes; but at 
the same time the proportion of the Greenland plants increases in 
nearly the same ratio. Martins, however, does not agree with Forbes 
in his bold and novel hypothesis, but attributes the colonization to the 
transport of seeds from America and Europe, by means of the gulf 
stream. This stream, he thinks, has thrown Eriocaulon septangulare 
on the shores of the Hebrides, and, running along the coast of Scot- 
land, carries seeds to the sandy shores of Shetland, Feroe, and Iceland. 
He considers it the principal agent in the diffusion of European plants 
in these islands. Winds, aerial currents, and birds, he thinks, have 
also contributed to the dissemination of species.* 

1172. Acclimatizing of Piaarw. — It is comm >nly supposed that by 
length of time plants may be rendered fit to endure a climate which 
they could not stand in the first instance. It has been said, that by 
slow degrees tender plants may become acclimatized to cold climates. 
Such a view, however, is totally inconsistent with the facts of the case. 
Each species of plant naturally bears a certain range of temperature, 
and it is impossible to extend that range. Many plants originally 
placed in greenhouses, and subsequently planted out, are held up as 
cases of acclimatization. Aucuba japonica, coming from a warm cli- 
mate, was at first treated in this country as a stove-plant, and was 
afterwards planted out, and was found to endure the climate, but no 
change was made in the constitution of the plant. It was capable 
from the first of enduring the cold of this climate. Aponogeton dis- 
tachyum, an aquatic from the Cape, was cultivated long in the stoves 
of the Edinburgh Botanical Garden. A specimen was accidentally 
thrown into the open pond, where it has continued to live and flower 
for many years. The constitution of the plant is unaltered. It was 
able to bear a certain range of temperature, but cultivators were not 
aware of this in the first instance. Plants sent from warm countri’&J* 
and supposed to be delicate, are often quite hardy, inasmuch as their 
Dative locality has been high on the mountains. Such is the case with 
Araucaria imbricata from Chili, and with some Nipal and Japan plants* 
Again, take the Potato, the Dahlia, Heliotrope, and Marvel of Peru, 
which have been long cultivated in Btitain, and it will be seen that 
they are not in the slightest degree more hardy than when first 

* For further details on the subject of the Geography of British plants consult Watson's Distri- 
bution of Bi itlsh Plants, and Cybcle liritannica ; Fop es’s»pHper in the Reports ot the Geological 
Survey of Great Britain ; Martins’ papers in the Edinburgh Philosophical Journal for 1SA9. 
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introduced ; they are injured by the frost just as easily as at 
first. * 

1173. Something, however, may be done by the art of the gardener, 
to render half-hardy species of plants less tender. In this climate, 
the great risk in such cases, is frequently not so much the degree of 
cold, as the accession of it at a time when the plants cannot resist it, 
in consequence of being full of sap. Attention, therefore, should be 
paid to bringing the plants into as dry a state as possible, at the be- 
ginning of winter. Lind ley remarks that the only means of effecting 
this consists in thoroughly drained soil, and an elevated situation — 
the first preventing a plant from filling itself with moisture during 
winter, or overgrowing itself in summer, so as to enable it to ripen 
its wood ; and the latter securing it from the action of those early 
frosts in autumn, or those late frosts in spring, which are so pernicious 
even to our own wild trees. In an elevated situation, a plant also 
escapes the risk of being stimulated into growth by a few days* 
warmth, succeeded by nipping colds, which so often occurs in our 
rariable climate. 




PART IV. 


FOSSIL BOTANY. 


1174. The history of vegetation could not be considered complete, 
unless we endeavoured to give some account, however brief, ot the 
plants which existed on the earth in its primeval state, during the 
extended geological epochs which elapsed before the establishment of 
the present order of things. This subject is alike interesting to the 
botanist and the geologist. It has sometimes been called Qeo-Rotany, 
and is an important section of Oryctology (opvkto;, fossil). “Geology, 
says Philips, u would never, perhaps, have escaped from the domain 
of empiricism and conjecture, but for the innumerable testimonies of 
elapsed periods and perished creations, winch the stratified rocks of 
the globe present, in the remains of ancient plants and animals. So 
many important questions concerning their nature, circumstances of 
existence, and inode of inhumation in the rocks, have been suggested 
by these interesting rcliquim , «nd the natural sciences have received 
so powerful an impulse, and been directed with such great success to 
the solution of problems concerning the past history of the earth, that 
we scarcely feel disposed to dissent from the opinion, that without 
fossil Zoology and Botany, or what is denominated Palaeontology 
(fl-ot ?, olios, ancient), there would have been no true Geology. ” The 
stratified crust of the globe is full of these monuments of vanished 
forffls of life. They are <3f various kinds, are in different states of 
preservation, and occur very unequally in rocks of different kinds 
and ages. The remains of ancient vegetation are very abundant in 
the coal measures, the important combustible material derived from 
them, and which is vegetable matter in an altered form. 

1175. Character* nnd Arrangement of Fowil Plant*. — From the 
state in which fossil plants are found, it is by no means an easy matter 
to determine their nature accurately. Brongniart states that the 
preservation ol vegetables, in a fossil state, may be effected — 1st, By 
2 v 2 
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the impression or cast of the plant being discoverable, though accom- 
panied by a complete destruction of the vegetable tissue, or the 
preservation of but a few of its constituent parts ; 2d. By petrifaction 
or carbonization, which preserves more or less completely the struc- 
ture of the tissues of vegetable organs, by changing or only modify- 
ing their nature. The impression or cast, without the preserva- 
tion oi any portion of the organs of tire vegetable more or less 
altered, is rather rare ; yet it is the habitual state of fossil vege- 
tables in the variegated sandstone and tertiary limestones.* It 
is rarely that any of the essential organs are found in such a state 
of preservation as to furnish distinct character^. It is chiefly from 
the fragments of stems, and the impressions of leaves, and some 
fruits, that the fossil botanist can draw conclusions. Besides this, 
fossil vegetables, thus reduced to some of their insulated organs, 
scarcely ever present them in such a state of preservation as enables 
them to be studied in all their constituent parts. Sometimes the in- 
ternal structure of the stem can be traced, and by examination under 
the microscope, the nature of its woody tissue may be determined. 
In this way some fossilized woods have been referred to the Coniferous 
tribe, in consequence of the presence of punctated woody tissue (fig. 
47). Fossil woods have been shown by chemical tests to contain 
portions of vegetable tissue, cemented into a mass by silica. In some 
cases the vessels and cells are separately silicified without being united 
into a compact mass. In these instances the wood breaks down 
easily. At times the internal structure is obliterated, and it is only 
from the external configuration, the nature of the outer covering, and 
the scars of the leaves, that any conclusions can be drawn. The 
leaves often furnish important and valuable characters, and, in the 
case of fossil ferns, their form, divisions, and venation, supply distin- 
guishing marks. The leaves, however, are generally isolated, and are 
rarely found in connection with the stems. Thus, the separation of 
the different parts of the plant, and, in most cases, their imperfect 
state of preservation, are great obstacles in preventing the determina- 
tion of fossil plants by a comparison with those which now exist on the 
earth. Before, then, endeavouring to compare a fossil vegetable with 
living vegetables, it is necessary to put together, with as much exa^t- 
ness as possible, according to the parts preserved, and the general data 
of vegetable anatomy and organography, the portions of the plant 
under examination ; to contrast these portions with the other organs 
of the same plant, searching for their points of attachment, their forms 
and vascular connections, being guided generally by traces of strue- 
sure rather than by exterior form ; and by endeavouring to recon- 
struct a vegetable by bringing together all fragments from the same 
fossil beds, which may belong to the same plant. The connection of 

* Brongmart, Tableaux Vegetaux FoMile*. 



CHARACTERS AND ARRANGEMENT OP FOSSIL PLANTS. G19 

the differed parts of the same plant is of the greatest importance in 
vegetable palaeontology, as from their fragmentary nature many diffi- 
culties arise. These difficulties are increased as we go back to the 
earliest geological epochs, for the farther they are removed from the 
present state of things, the greater are the differences between the 
fossil and living plants. Dr. Hooker remarks, that the knowledge of 
recent botany required to throw light upon the study of fossii*plants, 
and the origin of coal, must be both varied and extended. “ Some 
acquaintance with systematic botany is the first requisite ; through 
this alone can any approximation to the living affinities of the fossil be 
obtained. It should embrace not only a knowledge of the principal 
groups, or natural orders under which all plants are arranged, but a 
familiarity with vegetable anatomy ; for when the stem or trunk alone 
is preserved, which is often the case, a minute examination of its 
tissues is the sole method of determining its position in the natural 
series. There must also be some general ideas of the vegetation both 
of the tropics and cooler latitudes, of mountain- chains, table-lands, 
valleys and estuaries ; more especially of countries characterized by 
Equable, and by excessive or extreme climates, as compared with con- 
tinents, and of humid and desert districts ; in short, of all the complex 
associations with, or dependence of botanical characters upon, surface, 
soil, and climate, which the globe presents.” 

1176. Many of the fossil plants of the tertiary or recent strata may 
be referred to genera at present existing, and merely present specific 
differences ; such as pines, elms, beeches, maples, &c. Those of the 
secondary strata may, in general, be referred to known families, hut 
in most instances require the formation of new genera ; while those 
of the older strata, in numerous instances, cannot be classed in exist- 
ing families, and must constitute new groups. Such are the Calarr ites, 
Lepidodendrons, and Sigillarias of the coal formation. From all the 
investigations of fossil botanists, however, it appears that the same 
great types existed in a former state as at the present day, viz., Cel- 
lular Cryptogamics, Vascular Cryptogamics or Acrogens, Monocoty- 
ledons and Dicotyledons, both Angiospermous and Gym nosperm ous. 

1177. Schlotheim, Sternberg, Brongniart, and others, have pro- 
•£»amd arrangements of fossil plants. That of Biongniart is founded 
on the resemblances which the fossils bear to living plants He 
divides them as follows : — 

Ixt. Amphigenous Cryptogaraous Plant8, or Cellular Cr\ pb'gains, which lie sub- 
divides into two clashes, the Fungi and Alga*. 

2d. Acrogenou9 Cryptogamoua ' n !ants, comprehending two classes, the Musci 
and Filicalea ; the latter being divided into five families— the Ferns, Marsileace©, 
Charace©, Lycopodiace©, and Fquisetace©. 

3d. .Dicotyledonous Phanerogamous Plants, of which he enumerates the 



CHARACTERS AND ARRANGEMENT OF FOSSIL PLANTS. 


m 


several families, indicating the characters which approximate them , to the same 
families of lh ing vegetables. 

4 th* Monocotyledonous plants. * v 

When the analogy between a fossil and a living plant is such that 
the difference is not greater than occurs among the individuals in- 
cluded in a species of the living genus, then the fossil and living plant 
may be considered identical, and the epithet of fossil is applied to the 
name of the plant. If, on the other hand, the fossil presents distinct 
specific characters, but does not differmore from living species than these 
species differ among themselves, then it is looked upon as a new 
species of the genus. If the differences are well marked, but at the 
same time the organ which represents them is not of sufficient impor- 
tance to induce the belief that the -plant differs from others of the 
genus in all its essential organs, then the termination ites is added to 
the name of the genus. Thus, Lycopodites is a genus of fossil plants 
allied to Lycopodium, apparently not differing, so far as known, in es- 
sential and important parts ; so also Zanntes allied to Zamia, Thuyites 
to Thuya. If a fossil plant, although presenting several essential 
characters of a family, yet differs in the fossilized organ from all th<* 
known genera of the family, as much or more than these genera do 
among themselves, then it is to be considered as a new genus different 
from those actually existing. This will be seen in many of the coal 
fossils. 

1178. Before proceeding to notice some of the more important fos- 
sil plants, it will be necessary to give a sketch of the geological con- 
stitution of the globe. The rocks of which the earth is composed are 
either stratified or unstratified ; and the former are either fossihferous 
or non-foseiliferous (azoic). The unstratified rocks, included under 
the names of Granitic andTrappean, are considered igneous, plutonic, or 
eruptive rocks, and do not generally exhibit any fossihferous deposits. 
Vegetable structures in an altered condition have, however, been 
found in the substance of Trap rocks. Distinct evidences of Dicoty- 
ledonous structure charred have been discovered in various situations, 
more particularly near the Giant’s Causeway, in Antrim, under the 
Trap rocks in the Island of Mull, and in those rocks of the same nature 
which are near Edinburgh. Fossil plants have not been foui^l jj 
certain metamorphic rocks such as Gneiss and Mica-slate, which pre 
sent a stratified appearance, and appear to have been deposited in pe 
culiar circumstances, probably at a high temperature. The igneou 
and metamorphic rocks are sometimes included under the compre- 
hensive name of Hypogene. The non-discovery of fossil remains in 
rocks may, as Forbes has shown, indicate the formation of these rocks 
in positions destitute of organic life, such as are to be met with in the 
extreme depths of the ocean. 

* Edin. Phil. Jour , voi 48. 
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1 1 79. Ifbe Fotsiliferoo* Stratified Rock** have been divided into — 1. 
Palaeozoic ancient, and life), or those which contain the 

earliest fossil remains, including what have been called Transition, 
Primary fossiliferous, and Grauwacke rocks, and extending up to the 
Magnesian Limestone, immediately above the Coal measures. 2. 
Neozoic, including Secondary, extending to the chalk ; and Tertiary, 
extending to the recent deposits. The following tabular view may 
be given : — 


I. Palceozoic. 

Lower P&laeozoic Lower and Upper Silurian. 

Middle Palaeozoic Devonian or Old Ked Sandstone. 

t Carboniferous S> stern, Lower new Ked Sand- 

Upper Palaeozoic ■< stone, and Magnesuu Limestone or Permian 

1 System. 


IL, Neozoic, including — 

a Secondary or Mezozoic. 

Lower Secondary 

Middle Secondary 

Upper Secondary 

b Tertiary or Cainozoic. 

Lower Tertiary, of Eocene group. 

Middle Tertiary, or Miocene group. 
Newer Ternary, or Pliocene group. 
Superficial Deposits, or Pleistocene group 


.Upper new Red Sandstone oi Trias&ic System. 
.1 .lassie, Oolitic, Wealden. 

.Cretaceous. 


] 180. Fossil plants in RiflVrent Strata. — The plantsjn these strati- 
fied rocks are either of a marine, fluviatile, lacustrine, or terrestrial 
nature, according to the state of the globe at the period of their de- 
position. The condition of the strata as regards fossils may depend in 
some measure on the depth at which they were deposited under the 
waters of the globe ; for Forbes finds that in the present ocean there 
is, at a certain depth, a zero of animal, and probably of vegetable life. 
The state of preservation depends much on the nature of the plant in 
regard to its anatomical structure. Cellular plants, which are easily 
destroyed, have in a great measure disappeared, while plants which 
resist well the decomposing action of water and other agents, such as 
ferns, occur in great abundance. In the Silurian system, the fossils 
consist chiefly of invertebrate animals. Lignite has been detected by 
Hugh Miller in the old Red Sandstone of the north, and has been re- 
to some coniferous plants by Nicol. In the Oaiboniferous sys- 
tem, fossil plants occur in vast quantity. With the Palaeozoic series 
one great epoch in the Rock formations was concluded, and a change 
took place so as to usher in the Secondary series. In the new Red 
Sandstone, the fossil remains are few and local, while in the Oolitic and 
Cretaceous systems they are more numerous. With the Secondary 
series of strata a general condition of the globe ended, and a new one 
commenced with the Tertiary strata. In these we meet with fossil re- 
mains nearly resembling or identical with the existing races. The 
names given to the groups indicate this. In the Eocene group 
dawn or morning, and Kutpfa new) we meet with a certain proportion 
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of living shells. In the Miocene (^sLw, less,) the numbel* of Imng 
species increases, although still less in number than the extmct ones ; 
while in the Pliocene (rtelm, more,) the recent shells outnumber the 
extinct ones. The differences between the organic contents of one 
system and another, are in proportion to the interval of geological 
time elapsed between them ; and the older the rocks, the more are 
the fossils distinct from the plants of the present day. .The systems 
of organic life have been adjusted to the condition of land and sea. 

1181. The number of fossil plants known to M. Adolphe Brong- 
niart, in 1836, was 527. In 1845, Goeppert and Bronn stated the 
number to be 1,792; and as in the 100,000 plants now known to 
exist in different parts of the globe, a large proportion consists of cel- 
lular plants, which would disappear in the process of fossilization, it 
would seem that the total number of known fossil species bears a con- 
siderable proportion to those now existing. Their numerical distribu- 
tion in the different rocks is stated by Goeppert to be as follows 


Older and Middle Palaeozoic 52 

Carboniferous 819 

Permian 58 

Triassic 86 

Oolitic 234 

Wealden 16 

Cretace<jnis 62 

Tertiary 454 

Unknow u. II 


1792 

From this table, Murchison remarks, it appears that the newer Palaeo- 
zoic group contains more than half the known species of fossil plants, — 
a remarkable circumstance when it is considered that the great herbi- 
vorous land quadrupeds had no existence before the tertiary period. 
The small number of plants in the Cretaceous system is probably owing 
to the depth of the sea in which these formations were deposited. 

1182. Among Dicotyledonous fossils there are numerous Amenta- 
ceae, Coniferae, and Cycadacese, besides many doubtful species. Among 
Monocotyledons, there appear to be plants belonging to Liliaceee, 
Smilaceae, Palmae, Potamese, Pandanaceae, &e. Among Acotylee b «fl — •’ 
there are genera and species belonging to Equisetaceae, Lycopodiaceae, 
and Fiiices, and a few Marsileaccae, Musci, and Algae 

1183. It is impossible in a short-treatise like this to allude to many 
of the fossil species of plants. It will be sufficient to indicate some of 
the more important genera. The vegetable remains met with in the 
Silurian and Devonian rocks are few and unimportant, compared with 
those which characterize the Carboniferous period ; and their structure 

* Unge: enumerate! 2421 fogsil species in his vr< irk on Fossil genera and species, punished 
in 1850. 
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seems to taBcate either that they have been longer exposed to the 
agency of ftioving water, or that they are cellular marine species. An 
exception to this, however, occurs in the Lignite noticed by Miller. 
It is in the argillaceous and sandy beds of the Carboniferous system 
we first meet with decided proofs of the existence of land plants. 
These strata and sands alternate with beds of Coal, a mineral which is 
of vegetable origin, and which is deposited in various quarters of the 
globe in hollow troughs, the layers varying from the thickness of a few 
inches to 10 or 20 feet. It is rare to find coal exhibiting vegetable 
structure under the microscope ; but in certain cases this may be evi- 
dently seen. 1 have seen it in the Arniston coal of this neighbourhood. 
Some have maintained that each stratum of coal is the product of a 
peculiar vegetation, frequently different from that which precedes, and 
from that which follows it. Hence each stratum is often characterized 
by the predominance of certain impressions. In examining a coal 
seam, there are frequently evidences of three distinct phases. In 
underclay there are roots permeating the mass ; then comes the coal, 
which is either formed out of the plants whose roots are in the clay, 
or of others which have grown wfith them, or have been drifted ; and 
lastly, above the coal there is the shale, which appears to have sup- 
ported a vigorous vegetation. Unger has enumerated 683, and Brong- 
niart 500 plants as belonging to the Coal Measures. The latter is 
equal to about 1 20th of the number of species now growing on the 
surface of European soil. 

1184. M. Brongniart, from the investigation of the several geolo- 
gical formations, has arrived at the conclusion, that three distinct 
periods of vegetation can be established. In the most ancient periods, 
the predominance of acrogenous cryptogamous vegetables (Ferns and 
Lycopodiacece ), later, the predominance of gymnospermous dicotyle- 
dons ( Cycadece and Coniferm ), without any admixture of angiosper- 
raous dicotyledons ; and, in the last place, during the chalk formation, 
the appearance* and predominance of angiospermous vegetables, 
both dicotyledons and monocotyledons, may be considered as character- 
istic. These differences lead M. Brongniart to recognize three long 
periods of vegetable growth, which he terms the reign of the Acrogens, 
4h«»r e ign of the Gymnosperms, and the reign of the Angiosperms, as 
indicative of the successive predominance of each of these three great 
divisions of the vegetable kingdom, rather than the complete exclusion 
of the others. Each of these three kingdoms is commonly sub- 
divided into many periods, during which traces of the same family 
and genera are discoverable. These periods comprehend many 
epochs, during which vegetation does not appear to have undergone 
any notable changes. Materials are often wanting to establish pre- 
cisely these subdivisions, either from a want of accuracy in deter- 
mining the exact geological position of beds enclosing vegetable 
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impressions, or because the division of the various species in the 
different beds of the same formation has not been carefully established. 
Mw Brongniart proposes the following general division of the fossil 
kingdom : — 

I Reign of the Acrogf/nr. 

1. Carboniferous Period. 

(Not susceptible of subdivision into epochs in the present btute of our knowledge.) 

2. Permian Period. 

(Forming only one epoch v ) 

II. Reign of tiie Gymnosperms. 

3. Vosgian Period. 

(Constituting a single epoch.) 

4. Jurassic Period 

Keupric epoch, Lias epoch, Oolitic epoch, AVealden epoch. 

III. Reign of tiie Angiospeums. 

* 5. Cretaceous Period. 

Subcretaccous epoch, Cretaceous epoch, Fucoidian epoch. 

6. Tertiary Period 

Eocene epoch, Miocene epoch, Pliocene epoch. 

1185. I* Reign of ihe Acrogeai*. — In this period Acrogens and 
Gymnosperms are found to have exist ed^ simultaneously, the- former 
predominating over the latter in number and size. The number of the 
Fern family, the great development of the Lycopodiaceoe, are the most 
prominent characters of this epoch. Other anomalous families be- 
longing to the Gymiu'sperms are also met with, which differ from 
actually existing orders. 

1186. l'oaail JPlanfs of the Carboniferous — The great mass 

of fossil plants of this system belong to A erogenous Oryptogamics 
and Dicotyledonous Gyinnosperms. Some of the plants called Palms, 
such as Noggerathia , Flubdlmia , and Arikin , are referred by Brong- 
uiart to the latter division. Ferns abound in this system, especially 
in the clays, ironstones, and sandstones The species are included 
under the genera Sphenepteris , Pecopierk , Neuropterk , Odontopteris, 
Cyclopteris , Glossopteris , and Lonchopteris. These plants rarely exhibit 
any traces of fructification, in consequence of only one surface of^tlie 
fronds being exposed to view, and they are therefore distinguished 
chiefly by the shape and venation of their fronds. Thus, Sphenopteris 
{a<pv\Vy a wedge, and kt a fern), has a bi-tripin natifld frond, pinnse 
harrowed at the Case (cuneate), not adherent to the rachis, lobed, veins 
hipinnate, somewhat radiating from the base (fig. 793). In Pecopteris 
(irUa), I comb), the frond is pinnatifid or bi-tripinnatilid, pinnae adnate 
to the rachis, sometimes confluent, a strong primary vein reaching the 
apex, the secondary veins being nearly straight, simple or forked, rarely 
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pinnate, son rounded at the end of the secondary veins (fig. 794). In 
Neuropteris (vtvoov, a nerve), the frond is pinnate or bipiunate, pinu«B 
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bubeonlcite at the base, distinct from the racliis, strong primary vein 
vanishing towards the apex, secondary* veins oblique, arched, repeal- 



79G 797 

edly dichotomous (fig. 795). Tree-ferns appear to have existed in 
Britain during the deposit of the coal strata, and to have occupied an 

rig 793. — Sphen opium ryenlnghansli, a fern of the Ciubonlferous system. 

Fig. 7 94. — Pecopteris aquiline, another teru. 

Fig 795.— Neuropteris Loshii, another fern. , . 

Fig 790 — SphenophUlum deutatuui, one of the dubious forr-s of tlic Caibonlferous system, 
pel imps allied to Saltslmiin. 

tig 797.— Annularla bievifolla, u coal plant, the affinities of which aic unknown. 

2 E 
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important place in the flora. The stems of these ferns are included 
under the genus Cauloptei'is. The fronds have not been found at- 
tached ; but it is probable that some of the fronds found in the coal 
measures have been connected with these stems. Other plants, con- 
sidered by some authors as resembling Marsileaceae, have also been 
found in certain localities; such as Sphenophyllum (fig. 796) and 
Annularia (fig. 797) 

1187. Some fossil plants, 
allied to Lycopodiums, also 
occur in the coal measures. 
Brongniart believes they 
are more abundant in the 
ancient beds than in the 
superior beds of the greater 
part of the coal formation. 
These have been included 
under the genera Lycopo- 
dite8 (figs. 798, 799) and 
Selaginites . Some fossil 
species allied to these are 
grouped under the genus 
Lepidodendron (x£tt a 
scale, and Sh a tree) 
(figs. 800, 801). They ap- 
pear to occupy an interme- 
diate place between Coni- 
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Fig. 798.— Lycopodites (Walchia Schlothelndi). a plant allied to Lycopodium. 

Fig. 799.— Lycopodites (Walchia lij pnoides', another Lycopodiaceous plant. 

Fig. 800 —Lepidodendron crenatum, with the sears of the leaves on Its stein. It belongs to a 
family of plants apparently intermediate between Conifeme and Lycopodiacese 
Fig. 801. -Lepidodendron elegans, with its dichotomous tiunk, and linear acute leaves. 
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ferae and Lycopodiace®. Their leaves are arranged in the same 
manner as some of the Conifer®, and their scars are similar. Their 
branches bifurcate like Lycopodiaceae. They occur in the form 
of dichotomous trunks, 20 to 45 feet high, with linear or lanceolate 
leaves (fig. 801) like those of some species of Lycopodium and 
Eutassa. The stem consists of a thin cuticle, a double cellular 
zone, a hollow vascular cylinder, and a pith. The tissue in the outer 
part of the double cellular zone is arranged like that of ferns, the 
vascular cylinder is about ^ of an inch thick, and consists of polygonal 
tubes marked with lines, while the pith is composed of fusiform cells. 
The stems are marked with rhomboid and orbicular scars (fig. 800). 
Their cone-like fruit is said to occur in a fossil form called Lepidos- 
trobus; but under this name, as well as that of Strobilites , the fruit of 
many different plants seems to be included. Lepidophyllum is said to 
be the leaf of some Lepidodendron, and Ulodendron is an allied genus. 

1188. Stigmaria (or/yust, & mark or impression) is a fossil genus, 
the species of which abound in the coal measures. They occur gen- 
erally in the bed called the Underclay. Stigmaria ficoides (fig. 802) 
is the common species. It consists of a dome-shaped mass sending 
forth grooved and pitted branches, which divide dichotomously, and 
extend 20 to 30 feet. Slender processes are given off, which appear 
to have been hollow (fig. 802). These processes (called fistular roots), 



form an entangled mass traversing the argillaceousjpwer bed in every 
direction. In Stigmarias three tissues are met with, vasctllar tissue 
forming the inner part of t^o cylinder, ligneous forming the wood, 
and cellular tissue forming a broad cortical zone, as well as the central 

Fig. 802.— Stigmaria ficoides; a branch giving off fistular leaves, which traverse the Underclay 
In all directions. 

Fig. 803.— Sigillarla pachyderms; the stem marked with scars, and fluted longitudinally. 
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portion or pith. Some think that the stores of fossil fuel in England 
nud America are mainly due to the presence of this plant. There 
are no plants of the present day which resemble Stigmarias. Stig- 
nmria ficoides has been found to be the rhizome and roots of a species 
of Sigillaria. Specimens of the latter have been discovered standing 
erect, aod connected with Stigmarias. 

1189. Sigillaria (sig ilium, a seal,) is another plant which appears 
to have aided in the formation of coal. It occurs in the form of com- 
pressed stems, attaining a height of 40 to 50 feet, and a breadth of 5 
feet. The stems are fluted longitudinally, and marked at regular in- 
tervals by single or double scars, the remains of the leaf insertions 
(fig. 803). Some suppose Sigilkuias to be allied to Tree-ferns, otheis 
to Conifer®. Brongniart says they resemble Zamia in tegri folia, and 
appear to predominate in the middle and superior beds of the coal for- 
mations. King thinks that they are intermediate between Ferns and 
Cycadace®. that the fronds called Nenropteris constitute their foliage, 
while Stigmarias are their roots. They have a medullary sheath in 
the shape of apparently isolated bundles, and vessels intermediate 
between true spiral and scalariforui. The bark is said to be composed 
of two different layers, thus giving rise to different impressions. The 
furrows or fluted marks are due to the arrangement of the leaves on 
the stem. King says, that if in imagination we delineate a channelled 
stem of any height between 12 and 100 feet, crowned with a pen- 
dant fern-like foliage, furnished with wide spreading thickly fibrilled 
roots, and growing in some densely-wo^ed swamp of an ancient Mis- 
sissippi, we will then have formed a f^rably close restoration of a 
Sigillaria vegetating in its true habitat. 

1190. Calamites (xoc’hocpos, a reed), another coal fossil plant, occur-, 
in the form of jointed fragment®, originally cylindrical, and perhaps 
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hollow, but now crushed and flattened (fig. 810). The stems are 
branched (fig. 805), and there appears to have been a distinct wood 

Fie. S04. -Culamitea Sitckovil, composed of jointed striated fragments having a bark. 

Fig M03. —Calamites cannsefurmis giiing oil l>unn.he&. 
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nnd hark. Their internal cavity seems to have been separated by 
horizontal partitions at the articulations, the intervals between the 
articulations becoming smaller towards the ends of the branches. Both 
stems and branches are ribbed and furrowed (fig. 804). Some refer 
the numerous species of Calamites to Equisetaceac, but the presence of 
wood and bark has led others to place them among Dicotyledons. 

Some interesting fossil Coniform, included under the names P mites 
and Araucarites , are found in the carboniferous sandstone, as in Craig- 
leith Quarry, near Edinburgh. The specimens found in Craigleith 
have been referred to Pinitcs Withmm and medidlare of Lindlev and 
Ilutton (Arancin itcs of Goeppert, and Dadoxylon of Endlicher). Some 
of these seem to be allied to the Araucaria tribe; for instance to Eut.issa 
excelsa, the Norfolk Island Pine. Their wood, under the microscope, 
exhibits the punctated appearance and other characters of Conifer© 
(figs. 80G-809), and the disks are often in two or more rows (fig. 808). 



Some specimens have been found upwards of 70 feet long. These 
Conifer;*} seem not to have been associated with the Sigillarias and the 
other plants which abound in coal seams. They probably flourished in 
the neighbourhood, and were at times transported to these localities. 
A peculiar kind of fossil fruit called Triyonocarpum , resembling that 
of a Palm, has been found in some of the carboniferous sandstones. 
Pkggerathia and Flabellaria have been referred to species of Palms, hut 
Brongniart considers them as Cycadaceous. Lygwodcndron (At/y/^oc, 
wicker work,) is a peculiar coal fossil discovered by the Kev IVlr. 
Landsborough in Ayrshire, and described by Mr. Gourlie. Its im- 

Kl£S 806-809—' The structure of wood in recent Confiture, to illustrate the appearances pre- 
t nted by some fossil woods. 

big. 8(»6 — 1 i anftvcrse section of a piece of Coniferous wood, of the natural size 

Fig. 807 —A section of the same wood seen under the microscope. The medullary rays and 
*oody tubes seen without anv large porous vessels 

Fig 808.— Longitudinal section uf the same, in the direction b c, magnified A medullary uy 
seen crossing the woody tubes, winch uie maiked by disks, in one or nime rows. 

Fig. 809. -Section of the same in the direction a b, peipendicular to the medullary rays, which 
use seen at intervals between the woody fibres. 



030 


STATE OF THE GLOBE AT THE COAL ETOCH. 


pression consists of rounded narrow twigs, which cross each other 
like the parts of an osier basket. Sterribergia is a peculiar fossil, con- 
sisting of horizontal plates, which are held together by some con- 
nection in the axis. Some look upon it as allied to Dracaena ; others 
regard it as fossilized discoid pith. It may be remarked, in general, 
that the Carboniferous flora’ is uniform, or nearly so, in all parts of 
the globe where carboniferous fossils have been obtained, viz. the 
whole of western, northern, and eastern Europe, North America, from 
Alabama to Melville Island, various districts of Asia, Eastern Aus- 
tralia, and Van Diemen’s Land, and probably the Asiatic Islands. 

1191. As the great mass of fossils in the coal formation consists 
principally of ferns, Brongniart has been led to draw conclusions as to 
the climate of the globe, at the time when the coal fossils grew. Ferns 
of the present day thrive best in a moist insular climate, and many of 
them occur in tropical climates. Hence Brongniart conjectures that 
at the coal epoch the surface of the earth consisted of a series of islands 
in the midst of a vast ocean, and that the temperature was higher 
generally than that of the present day. In the forests of these islands 
lofty Lepidodendrons would occur with their delicate and feathery 
fronds; Sigillarias, with their fluted stems and enormous matted roots; 
Calamites, with their singular branches; Tree-ferns and Coniferous 
plants, resembling the Norfolk Island Pine, and towering 100 feet 
above the rest of the forest. He also thinks that the immense deposits 
of carbon at that epoch, warrant the conclusion that the air contained 
a large amount of carbonic acid. Thfps conclusions are, of course, 
mere hypotheses. In regard to the temperature, it may be remarked, 
that there is no evidence from the nature of the flora, of a marked 
increase of temperature at the coal epoch/ In New Zealand, which is 
in a latitude the same as that of a great part of Europe, a very large 
proportion of the vegetation consists of Acrogenous plants. Ferns and 
their allies, in that country, cover immense districts, replacing the 
grasses of other countries, and giving a marked character to all the 
open land. Some of the ferns attain a. height of 30 or 40 feet, and 
occur in groups. Ilemitelia capensis too, a Tree-fern found at the 
Cape, was also seen by Gardner, at an elevation of 6,000 feet, on $e 
Organ mountains, thus showing a capability of enduring a great range 
of climate, and warning us against hasty conclusions on the subject of 
the temperature of the world at the coal epoch. 

Dr. Hooker thinks that the prevalence of ferns may be regarded as 
a probable evidence of the paucity of other plants, and the general 
poverty of the whole flora which characterized the formation. He is 
led to these conclusions from observing the mode in which the ferns 
in Van Diemen’s Land and New Zealand monopolize the soil, choking 
plants of a larger growth on the one hand, and admitting no under- 
growth of smaller species on the other. In New Zealand he has col- 
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lected 86 kinds of ferns on an area not exceeding a few acres ; they 
gave a most luxuriant aspect to the vegetation, which presented 
scarcely a dozen flowering plants and trees besides. 

]l92. Some have supposed that the plants of the coal fields have 
been drifted into basins, others that they grew in the spots where they 
are now found. Beaumont thinks that all the vegetables which are 
now converted into coal, grew in swampy islands, covered with a 
luxuriant vegetation, which accumulated in the manner of peat-bogs; 
that those islands having sunk beneath the ocean, were there covered 
with sand, clay, and shells, till they again became dry land, and that this 
operation was repeated in the formation of each bed of coal. The 
occurrence of stems of trees in an erect state (fig. 810), appeared to 



him to confirm the view that the trees were in situ. Ansted says, that 
although many trees are found in the coal measures in an erect or 
highly inclined position, there is no reason for bidieving that they grew 
on the spot where they are met with. He rather thiuks that they 
have been caught or stopped in their passage down a rapid stream, and, 
like the snags in some of the great American rivers, have been detained 
till the lower portion was firmly embedded in the rapidly forming sand- 
stone. The embedding of sterns in strata of sandstone, is similar to 
what Gardner saw near the mouth of the Rid San Francisco, where 

Flp 810— Vertical stems of fossil t 1 ees, Calamites chiefly, found in the Coal measures of 
Tieuil, near >aint Etienne. 
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coco-nut trees were found with their stems immersed to the depth of 
50 feet or more in the embankment of sand which stretches along the 
shore. Phillips remarks, that the condition of the plants which com- 
pose the coal, the general absence of roots, the fragmentary state of 
the stems and branches, the dispersed condition of the separable organs, 
all confirm the conclusion that the plants have been swept down iro n 
the land on which they grew by watery currents, often repeated, and 
deposited in basins and large estuaries of the sea, or perhaps rarely in 
lakes of fresh water. 

1193. The natuie of the vegetables which appear peculiar to the 
Permian period, M. Brongniart believes is far from being determined 
in a positive manner, in consequence of the uncertainty which is 
attendant on the period of certain geological formations. On account 
of these doubts, M. Brongniart indicates three separate floras. 1 st, 
The Flora of the bituminous slates of Thuringia, composed of Alg®, 
Ferns, and Conifei®. 2J, The Flora of the Permian sandstones of 
Russia, which comprehends Ferns, Equisetnce®, Lycopodiacese, and 
Noggerathise. 3rf, The Flora of the slates of Lodeve, which is com- 
posed of Ferns, Asterophyllitcs, and Coniform It is observed that 
many of the fossils met with in the bituminous slates of Thuringia 
appear to be marine plants, and that hitherto no species common to 
these localities has been found. 

1194. II. Relg-ii of^tlic Gyinnospcrms. — In the Carboniferous 
period, the Acrogenous Cryptogams were found to predominate, while 
the Gymnospermous Dicotyledons were less numerous. In this reign, 
on the other hand, the Acrogens are less numerous, and the Gymno- 
sperms almost equal them in number, and ordiuarily surpass them in 
frequency. 

The reign of the Gymnospermous Dicotyledons is divided into two 
periods : the first, in which the Conifer® predominate, while the 
Cycadace® scarcely appear ; the second, in which the latter family 
preponderates as regards the number of species, and the frequency 
and variety of generic forms. Cycadace® occupied a more important 
place in the ancient than in the present vegetable world. They ex- 
tend more or less from the Coal formation up to the Tertiary. They 
attain their maximum in the Lias and Oolite. m 

1195. Brongniart believes the Vosgesian period not to have been 
of long duration, and to comprehend only the variegated sandstone, 
properly so called, or the lied Sandstones and conglomerates of the 
Triassic system. It is characterized by the existence and presence of 
peculiar ferns, such as Anomopterisfand Crematopteris ; while Gym- 
nospermous plants are represented by the genera Voltzia and 
Haidingera, Zamites, Otenis, ^Ethophyllum, and Sehizoneura. Sigil- 
larias and Lepidodendrons disappear. Stems of arbor escent ferns are 
frequently met with. 

1196. The Jurassic period of Brongniart includes — 1. The Keupric 
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Epoch, whose vegetable forms consist of Algae, Ferns and Equise- 
taceoe, Cycade® and Conifer®, and also of two doubtful Monoco- 
tyledons (Palaeoxyris and Preisleria). 2. The Lias Epoch , whose 
essential characters are the great predominance of Cycadese, and the 
existence among the ferns of many genera with reticulated venation. 
3. The Oolitic Epoch , which furnishes Algae, Ferns, Marsileace®, 
Lycopodiace®, Equisetacece, Cycadese, and Conifer®. The distinctive 
characters of this epoch are — amongst the Ferns, the rarity of reticu- 
lated venation so common in the Lias ; the greater approach of the 
Cycadeas in character to those now existing; and the greater fre- 
quency of the Coniform. 4. The Wmhltn Epoch , which is character- 
ized in the north of England by the abundance of the Fern called 
Lonchopteris Mantellii, and in Germany by the predominance of 
the Conifer, denominated Abietites Linkii, as w r cll as by numerous 
Cycadacea?, 


1197. Fossil Plants of the* Secondary Strain. — The plants of the 
Secondary series of strata are thus shown to be different from those 
of the Carboniferous system. The Stig- 
marias, Sigillarias, and Lopidodendrons 
cease, and are replaced by ferns and 
their allies. Plants of the Zamia tribe 
occur along with some Conifer®. The 
pinnated frond called Pterophj/llum (fig. 

811), appears to belong to a Cycnda- 
ceous plant allied to Zamia, while Volt - 
zia (fig, 812) and Pence seem to be 
Coniferous genera. In the secondary 
formations, generally, there are no true 
coal fields, although carbonaceous 
matter, in the form of imperfectly 
bituminized lignite, is found deposited 
occasionally. Notwithstanding the ab- 
sence of true coal, the sandstones and 
shales of the Oolitic system contain 
numerous fossil plants, which in their 
fjjjm and character seem to be a tran- 
sition between the Palaeozoic flora, 
and that of more recent formations. In the upper Oolite at Port- 
land, there is a bed of earthy brown matter, about a foot in thick- 
ness, commonly known as the Dirt-bed, in which there is an assem- 
blage of silicifiod stumps of large trees (fig. 813). They are generally 
in an erect position (fig. 814), and appear to be in situ. - They are 
probably Cycadace®. Plants of this natural family, in the form of 



Fig, 81L-£Fterophyllum Plcinlngerii, apparently the fioml of a fossil Cj ntdacemis plant allied 
to Zamitu 
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oolite beds. These plants take the place of the Lepidodendrons and 
Sigillarias of the carboniferous period. The stems are found without 



any leaves attached, but some suppose that the fronds called Otopleris 
are the leaves of some of the species. The occurrence of these tro- 
pical forms seems to indicate a warmer climate than now exists in 
Britain, There are 6 existing genera of Cycadaceae (^[ 1047). T\^> 

of these are represented in figs. 817, 818, showing the forms of the 
stems and leaves or fronds. There are 5 fossil ones according to 
authors. The fossil Cycadacece known up to 1845, and distinguished 
by specific names, amount, according to Goeppert, to 78. Amongst 
these are 9 stems or stipes, 65 fronds, and 4 fructifications. The 
genera ar^: — 

Fig. 812 — Voltzia hcterophylla, one of the fossil conifercc of the Trlassic system 
Fig. 818 —The Dirt-bed of the island of 1’oniand, containing stumps of fossil Cycndace® In an 
erect position * 

Fig 814. — Man tell la nidiformis (Cycadcoidea), one of the sillciflcd Cycadaceae of the Portland 
Dut-bed. 


Tig. 815.— Pterophylium W illiumsoni, the frond of one of tlie fossil Cycadace®. 

Fig. 816.— Zamites. One of the fossil Cycndacese. „ , . . ... .. 

Fig. 817.— Cycas reioluta, one of the species of Cycas of the piesent flora of the gione, witn its 
srnle-lfke stem and pinnate fi ends 

Fig 818 - Zarnitt pungei.s, one ut the Cycadaceas at present exiting on the globe. 
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Cycadites, 11 

Stems 

4 

FjotkK 

Fractiflcation 

Zamites, 28 

5 

23 


Zamiostrobus, 4 .* 



4 

Ptcropliyllum, 23 

— 

23 


Nilsonia, 12 



12 







— 

78 

0 

65 

4 


To this some add Mnntellia and Palmozamia. The greater number ot 
these is found in the Oolite and Lias. In the inferior Oolites are also 
seen peculiar Coniferae, belonging to* the genus Bi n cliyphyl linn (fig. 
819), and a plant said to be a true Equisetum (fig. 820). The fossil 
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Flora of the Wealden formation resembles, in many respects, that of 
the Oolitic system. Fronds of ferns, leaves of Coniferae ( Sphcnopliyl - 
lum), and of Cycadacese, occur along with some Fucoids. There are 
also silicified coniferous trunks, and two peculiar genera called Clalh- 
raria and Evclogemfes. The former is an arborescent plant, having 
its baik formed by the union of the bases of the leaves, and covered 
by distinct scales. The latter is apparently a Monocotyledon, perhaps 
allied to Palms. Some fiuits, resembling thuse of Palms, are also 
found. In the Cretaceous system, there occur fossilized Dicotyle- 
donous leaves and fragments of wood, marked by perforations of 
marine animals. Some of the Dicotyledons are Coniferous, others 
Cycadaceous. 

1198. Ill* — Reign of the Angioapenna. — The dominating character 
of this last transformation of the vegetation of the globe is the appear- 
ance of Angiospermous Dicotyledons, plants which constitute more 

Fig 819. — TJrarh) jilij Hum, a Coniferous emus of the Oolitic Svstiin. 

Fig bit). — Fquisitum columnare, a 1obi.i1 sjjculs oi the Oolite.’ 
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than three-fourths of the present flora of the globe. In this reign, 
Brongniart distinguishes two great periods — 1st, The Cretaceous 
period, a kind of transition period between the reign of Gymnosperms 
and Angiospenns. The chalk flora is characterized by the Gymno- 
sperms almost equalling the Angiospermous Dicotyledons, and by the 
existence of a considerable number of Cycadacea^, which do not 
appear in the Tertiary period. The genus Credneria is one of the 
characteristic ferns 2d, The Tertiary period, presenting all the 
characters arising from the predominance of Angiospermous Dicoty- 
ledons and Monocotyledons. The Fucoidean Ejioch , which seems to 
form the^natural limit between the cretaceous and tertiary periods, is 
characterized by deposits rich in Algm, of a very peculiar form. M. 
Brongniart has not found land plants mingled with these marine 
species, nor does he believe that fossil woods have been met with. 

1199. The Tertiary period is characterized by the abundance of* 
Angiospermous Dicotyledons, and erf Monocotyledons, more especially 
Palms. Angiosperms in the Tertiary period are found greatly to 
exceed Gymnosperms. At the Cretaceous epoch, Cycadese and Coni- 
ferae, allied to the genera inhabiting tropical regions, existed ; during 
the Tertiary period, the Cycadeie appear to have been completely 
wanting in Europe. M. Brongniart, having divided the Tertiary 
period, as regards plants, into the Eocene, Miocene, and Pliocene, 
believes that we shall find the number of species m the great divi- 
sions are thus distributed in these three Floras : — 


Classes and Sub-Classes 

Eocene Epoch. 

Miocene Epoch, 

Pliocene Epoch | 

Thallogeiifle 

16 

0 

0 

Acrogense 

17 

4 

7 

Monocotyledones .. 

33 

26 

4 

Dicotylodones — 
Gymnospernin?.. 

40 

19 

31 

AngioRpermrc .. 

103 

78 

164 


209 

133 

212 


In the Eocene formation the fossil fruits of the Isle of Shcppey 
increase the number of Phanerogamous plants. 

1200. With regard to the characters drawn from vegetable forms 
during these three epochs, the most remarkable appear to be — 1st, 
In the Eocene period, the predominance of Algee and marine Naia- 
daceae, such as Caulinites and Zosterites ; the existence of a great 
number of extra European forms, especially of fruits, such as Nipa- 
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dites, Leguminosites, Cucumites, and Hightea. 2d, In regard to the 
Miocene epoch, the abundance of Palms, such as Flabellaria and 
Phoenicites, and other plants of warm climates, with others of tempe- 
rate and cold climates, such as Amentiferous forms. 3d, The Pliocene 
epoch is known by the great predominance and variety of Dicotyle- 
dons, the rarity of Monocotyledons, and, above all, the absence of 
Palms, as well as the general analogy of the forms of these plants 
with those of the temperate regions of Europe, North America, and 
Japan. 

1201. Fo«»H Plant* of the Tertiary Strata* — From these observa- 
tions it may be inferred that with the Chalk formation, the ancient con- 
dition of organized beings appears to have ended, and a new one to 
commence in the Tertiary series. The plants of the Palaeozoic and 
Secondary series are all extinct. Those which occur in the tertiary 
are totally different from all that have previously appeared. With the 
chalk, Ansted says, we close, as it* were, one great volume of the his- 
tory of animated creation. Everything up to this point belongs to the 
past ; everything on this side of it may be ranked among indications of 
the present. New forms, new types of organization, corresponding to 
different habits and altered circumstances, now replace those which 
have passed away. The conditions under which animals and vege- 
tables lived were changed, and a new epoch commenced upon the 
earth. 

1202. Except a few doubtful fossils of the lowest organization, 
there are none common to the secondary and tertiary periods. The 
tertiary series are well seen in the south of Europe, Asia, and America. 
In Britain the tertiary deposits are met with in the London clay, in 
Hampshire and the Lie of Wight, the Suffolk and Norfolk Crag, and 



Figs 82 l -825.— Structure of ordinary Dicotyledonous stems, to illustrate the appearances pre 
sented by some tertiaiy fossil woods. 

Fig. 821.— -Portion of a Dicotyledonous (Exogenous) stem cut transversely. Natural size. 

Fig. 822.— Section of the same magnified, to show the occurrence of large porous vessels. The 
ordinary Dicotyledons differ in this respect from Coniferse. 

Fig. 623 —Longitudinal section of the same in the line a b, perpendicular to the medullary 
plates, showing a large porous vessel, and the rays appearing here and there among the woody 
tissue. 



Fig 824 —Leal ot un unknown fossil Elit^-cfthe middle Teitiaiy epoch 
Fig. 825. — Leaf of Comptonia acutiloba, an Amentaceous plant of the same epoch 
Fig. 826 — Section of a recent Palm item, to show its structure. The dark dots marking vascu- 
lar bundles In the midst of cellular tissua 
Fig. 827 —A portion of the same magnified, to show the vascular bundles. 

Fig. 8-'8.— Paimaotes Lamanonis, Leaf of a Monocotyledon resembling a Palm. 
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find leaves appear to be those of Dicotyledons, little differing from the 
plants of the present day (figs. 821-825). In the brown coal of this 
series, the structure of the wood is evident, and distinctly exogenous 
(figs. 821-825), and there are often associated with it leaves of 
Poplars, Elms (fig. 821), and other forest trees. The fossil plants of 
the Isle of Shcppey have been examined by Bowerbank, and have 
led to the determination of several hundred species of plants, all of 
them extinct, and all resembling those of warmer climates; — fruits of 
J\'ipadiles ( Panda nocarpum), a fossil plant, allied to Nipa, one of the 
Pandanacem; llightea , a five-seeded fruit, probably Maivaceous; also 
the fruit of a Proteaceous plant, and of species allied to Canna, Cucum - 
her, and the Leguminosse and Coniform of the present day. To some 
of them the names of Cttpanmdcs, WdhercUia t Cucmnifcs , and Mimo- 
sites , have been given. In some of the tertiary formations there occur 
pieces of wood, which present the structure of that of Pepper-plants 
and of Palms (figs. 82G, 827), and there are aho leaves which have 
the fiabelliform appearance of Palm leaves, included under the name 
of Pulmacitrs (fig. 828). Specimens allied to Chara aie also found, 
with their fructification denominated Gyvogonites. Above the tertiary 
strata, and forming a continuous senes with the foimations of the 
present day, occur the supeiiicial deposits or the Pleistocene 
most,) group. They are ascribed to the violent action of water, and 
are sometimes called Diluvial. 

1203. There have thus occurred in this earth successive deposits 
and creations of plants and animals. These deposits have been vari- 
ously altered and distiibuted, but all have proceeded upon one grand 
and harmonious principle, and all speak the same language. They 
tell us of changes which have taken place during the preparation of 
this world for the abode of man, the noblest of the Great Creator’s 
works. Many are afraid to enter upon the investigations of Palaeon- 
tology, from a mistaken idea that they are at variance with Scripture. 
We need not fear, however, that in prosecuting our scientific researches, 
we shall ever arrive at a point where the knowledge of nature will be 
found at variance with the truths of Scripture. The more each is 
studied, the more shall we find occasion to admire the harmony that 
subsists between them, and the beautiful light of illustration whieh 
they reciprocally shed on one another. 

For further details on the subject of Fossil Botany, consult Brongniart’s Plantes 
Fossiles, Hutton and Findleys Fossil Flora, With am on Fossil Plants, Goeppert’s 
Fossil Ferns, Goeppert on the Flora of the Brown Coal Formation, in Arbeiten der 
Schlesichen GeselBcliaft for 1817, and in the Quarterly Journal of the Geological 
Society, Vol. V., King’s Papers on the Coal Fossils in the Edinburgh Philosophical 
Journal, Hooker’s Papers in the Report of the Geological Survey of Great Britain, 
Unger, Genera Plantarum fossil i uni, and Chloris protogea ; besides Geological works, 
such as Lyell’s and Ansted’s Geology. 
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I.— On the Use of the Microscope in Botanical Researches. 

1204. The Microscope is a most important instrument in education. 
It is essential for the due understanding of the structure and physiology of 
plants The study of the microscopical structure of organized bodies is 
termed Histology (Itrros, a web or tissue, and discourse). Dr. 

Carpenter remaiks: — “The universe which the microscope brings under 
our ken, seems as unbounded in its limit as that whose remotest depths 
the telescope stdl vainly attempts to, fathom. Wonders as great are dis- 
closed in a sp Q ck, of whose minuteness the mind can scarcely form any 
distinct conception, as m the most mysterious of those nebula?, whose 
incalculable distance baffles our hopes of attaining a more minute know- 
ledge of their constitution. And the general doctrines to which the 
labours of microscopists arc manifestly tending, in regard to the laws of 
organization and the nature of vital action, seem fully deserving to take 
rank in oompiehensivcnoss and importance with the highest principles yet 
attained in physical or chemical science. It is by pm suing, by the aid 
which the mieioseope alone can afford to his visual power, the history of 
the organic genu, from the simple and homogeneous form which seems 
common to every kind of living being, — eithei to that complex and most 
heterogeneous organism which is the moital tenement of man’s immortal 
spirit, or only to that humble Protophyte or lTotozoon, which lives, and 
grows, and multiplies, without showing any essential advance upon its em- 
bryonic type, that the physiologist is led to the grandest conception of the 
unity and all-comprehensive nature of that ci native design, of which the 
development of every individual organism, from the lowest to the highest, 
is a separate exemplification, at once perfect in itself, and harmonious with 
every other.” The microscope small, and exovrtv , I see) is an instru- 

ment for enabling the eye to sec distinctly objects which are placed at a very 
short distance from it, or to sec minute objects that would otherwise be 
invisible. It has been used with great success in the examination of 
vegetable structure. To it we are indebted for a knowledge of the various 
vessels and cells wdiich enter into the composition of the different, parts of 
plants, of the circulation Of fluids, and of ciliary movements, as well as for 
the facts connected with the development of the embryo. It is an instru- 
ment, however, which requires to be used cautiously ; and the conclusions 
drawn from it ought to be carefully weighed, more especially when the 
observations have been made with high magnifying powers. 

2 E 2 
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1205. Lenses. — Before proceeding to notice the construction of simple 
and compound microscopes, it will be advantageous to notice the different 
kinds of lenses used, and the sources of error which require to be guarded 
against in their preparation. The chief forms of lenses used are, the 
double- convex, witli two convex faces ; plano-convex, with one face flat and 
the other convex ; double-concave, with two concave faces ; and plano- 
concave, with one flat and one concave face. Sometimes, also, a meniscus 
is used, with a concave and a convex face, and a sharp edge. Convex 
lenses with sharp edges cause parallel rays to converge ; while concave 
lenses with flat, edges cause them to diverge. The lenses used in micro- 
scopes are chiefly convex — the concave lenses being employed to make 
certain modifications in the couise of the rays passing through convex 
lenses, whereby their performance is rendered more exact. The magni- 
fying power of a single lens is its focal length. The principal focus 
is the point to which parallel rays converge after reflection or refraction. 
The focus of a double convex lens is at half the distance of a plano- 
convex, having the same curvature on one side. Ten inches is the 

mean focal length of the human eye. In the use of ordinary lenses, 

there are sources of error from the form of the lens, and the nature ot 

the material of which it is made. When paiallel raj stall on a double- 

convex or a plano-convex lens, they are brought into a focus at a certain 
distance ; hut it is found that no lens with a spheiical surface can bring the 
rays of light coining from one point exactly into the focus at another point. 
Hence aiises what is called spherical aberration. In this kind of aber- 
ration, the objects at the circumference of the field of the microscope are 
not in focus at the same time as those in the centre. Moreover, the 
material of which the lens is made, acts differently on the different portions 
o( each ray, and sepaiates the white light into different colours, which have 
various degrees of refrangibility. This gives rise to chromatic 
colour) aberration. To remedy these defects, certain combinations ot 
glasses have been adopted, so that the light tia\ersing one lens through 
the centre may pass through near the margin of another. The confusion 
produced by these aberrations may be greatly lessened by diminishing the 
pencil of light ; for instance, by employing a stop or diaphragm, which 
lessens the aperture of the lens, and cuts off the peripheral rays. In 
lenses of low power, such as aie used in the simple dissecting microscope, 
these aberrations will not cause much confusion. It is only when high 
powers are required that these aberrations must he done away with, the 
aperture being increased without, interfering with definition. The invention 
of Wollaston’s doublet witli two lenses, and Holland’s triplet with thrd£, 
was witli the view of diminishing, as far us possible, these aberrations. In 
this, however, they were not successful, tor coloured images were still 
produced. Their lenses were constructed of the same kind of material ; 
and it was afterwards found that in order that lenses might present the 
object uncoloured, or be what is called achromatic (a, privative, and 
r^oeajua. colour), it was necessary to use glasses of two diffeient densities. 
Achromatic lenses, or such as are nearly free ftom aberration, are con- 
structed by placing together glasses of different dispersive powers, and of 
different forms. The usual achromatic consists ot a double-convex lens, 
made of plate or crown-glass, and a plano-concave, made of flint-glass. 
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fitted accurately to it, and cemented by Canada balsam. Sometimes three 
lenses are used, a double concave of flint-glass, placed between two double 
convex of crown-glass, and ground to certain curvatures; and in that case 
they cannot be cemented. The most pertect combination of lenses, for 
high powers, consists of eight distinct lenses: — In front, a triplet of two 
phuio-convex lenses of crown-glass, with a plano-concave of dense flint- 
glass between them ; next, a doublet composed of a double convex lens of 
crown-glass, and a double concave of Hint; and at the back, anothoi 
triplet of two double convex lenses of crown, with a double conca^ of 
flint between them. By this combination, an angular aperture of 170° has 
1 m en obtained with an objective of i^rth of an inch focus. This is about 
the limit ; for 10° more would biing the rays to a straight line. 

120b. Microscopes are of two kinds — Simple and Compound. By the 
Simple microscope , objects are viewed through a single lens, or through two 
or three lenses placed together, so as to form doublets or triplets. The 
glass is arranged so that it can be brought over the object, and adjusted, 
by means of a rack and pinion, or by some other contrivance, to its exact 
focal distance, the object, \\hen opaque, being seen by light tlnown fiom 
above, and when transparent, by light transmitted from below. This m- 
stiument, when used with single lenses or doublets, is the best for ordinal y 
botanical investigations, more especially for dissections. The combination 
of three lenses approaches too near the object to be easily used. A ven 
high power may be obtained by means of the lenses termed CoddmgtonV 
and by doublets formed of plano-convex glasses. The chief objections to 
the simple microscope arc the fatigue attendant on long-continued in\ esti- 
mations, and the small field of view. In the simple microscope, glasses of 
the following focal lengths may be employed — viz., 1£ inch, j, | . and, 
if very minute objects are to be examined, of T h, ot ^ of an inch. 

1207. In the Compound microscope there are two sets of lenses,-— the 
one called the object-glass or objective, the other the eye-piece in ooulai. 
The first receives the rays liom the object, and bringing them to new 
foci, forms an image, which the second treats as an original object and 
magnifies it just as flic single microscope magnified the object itself. The 
image is inverted, but this may be remedied by making the ia\s pass 
through another set of lenses in the tube of the microscope, calk'd tin* 
erector. In the construction of the object-glasses, great care is taken to 
render them achromatic. Those made by the most eminent London 
makers consist of two or three compound lenses, which cannot be used 
separately, but arc fixed together in a tube. In the case of high poweis, 
the object-glasses are also provided with an adjustment foi the tlikkness 
<u the glass covering the object to be viewed. This adjustment makes up 
for the refraction caused by the p^gsage of light through thin glass of dif- 
ferent thickness, and is accomplished by altering the distance between the 
second and third pair of lenses in the object-glass. This adaptation is espe- 
cially necessary in the case of a glass with a large angle of aperture. Jn 
Ross’s microscope, when the mark on the cylinder coincides with the longei 
mark on the tube of the objective, the adjustment is pci feet for an un- 
covered object ; when the coincidence is with the short mark, the proper 
distance is obtained to balance the aberration produced by glass of an 
inch thick. The eye-piece, also, must be so formed as to be free from 
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error. That used is called Huyghens 1 , and consists of two plano-convex 
lenses with their plane sides towards the eye, and placed at a distance 
apart equal to half the sum of their focal lengths, with a diaphragm inserted 
midway between the lenses. In this eye-piece, the lens next the eye is 
called the eye-glass, the other the field-glass. l?y the Huyghenian or 
negative eye-piece the object is seen inverted. The Ramsden or positive 
eye-piece consists of two plano-convex glasses, with the convex surfaces 
directed towards each other; by it objects are seen erect, and it is used as 
a micrometer eye-piece, that is, for measuimg objects. (^] 1209.) The 
eye-pieces supplied with the best microscopes are usually three ; and they 
are so constructed, that, witli each of the object-glasses, they give a cer- 
tain amplification of the object, the p owe is being in the proportion of 1, 2, 
and 3, or 1, 1£, and 2k. In the best microscopes there is also an achro- 
matic condeimr or eclairage, through which the light reflected from the 
mirror passes. The amplification by means of an eye-piece in the com- 
pound microscope enables us to use an *.l \ -.- 1 ■_) .-.r a !.>wer power than 
would otherwise be necessary. This k::-i i-i' oj «■, when well con- 
structed, gives a flat and colourless picture of the object, with clearness of 
definition. The observer can use it for a length of time with less fatigue 
than when employing the simple microscope. Weak eye-pieces and strong 
object-glasses are to be recommended. The rye-piece does not add either 
clearness or distinctness to the object, and when it is very powei ful the 
field of view becomes too small to take m the j\hole image formed bv the 
object-glass; for the magnitude of the field of view and the strength of 
the illumination diminishes according to the magnifying power of the eye- 
piece employed. The lower powers are of use in searching for the object 
to be examined, which may thus be more easily found by a higher power. 
For the lower power a linear amplification of fiom 20 to 50 diameters, and 
for a higher power a linear amplification of fiom 300 to 500 diameters at 
most, will give a sufficiently wide range of powei s. The powers are 
increased by a more powerful eye-piece or object-glass, or by both, or by 
lengthening the tube of the microscope. 

1208. In examining vegetable structures, an instrument magnifying 
150 to 200 diameters is usually sufficient ; but in some instances higher 
powers are required. Achromatic object-lenses of 1|, J, and ^ of an inch, 
are recommended as the most essential ; and two eye-pieces should bo 
provided, one of about and the other of 2 1 inches in length. The 
instrument should have both a coarse and a fine adjustment ; and it is of 
importance that it should be made to incline at an angle, or to stand 
horizontally. A moveable stage is also useful, so that the different pa$s 
of the object may be viewed without being touched by the fingers, and a 
spring-holder to fix the objects on th%stage. In figure 829 a compound 
microscope is represented. The stand, or base, consists of a stroug tripod, 
a, supporting two upright pillars, 6, 6, between the upper parts of which an 
axis works. This carries the whole of the optical parts -of the instrun*$gjfc 
which can be adjusted to any inclination, horizontal, vertical, or intermedia!?. 
The stage, c?, e, is firmly attached to the axis, as is also the double mir&>r ? /. 
The triangular bar, g, has a rack ou its posterior part, which is worked by a 
pinion, the milled heads of which are seen at h, h. The body, i, screws 
firmly into the arm ,j; the achromatic object-glasses are screwed into the 



MI CEO SCOPE AND MICROMETER. 


645 


body at m ; the Huyghenian eye-piece slides into the other end of the body. 
The mirror is plane on one side, and concave on the other, and is fitted with 
a universal movement, so as 
to be inclined in any desired 
position. The milled heads, 
h } h, by being revolved, raise 
or lower the' body, z, and 
constitute the coarse adjust- 
ment; the fine adjustment is 
effected by turning the milled 
head, p. The object to be 
examined is placed on the 
stage, #7, and retained in the 
required position by the slid- 
ing piece, e. The quantity of 
light admitted through the 
instrument may be modified 
by the diajduagm, r, which 
consists of a plate of brass 
witli four apei tuics of dille- 
rent diameters, made to re- 
volve on a eential pm or 
axis fixed to the bottom of 
the stage. Piovision is also 
made for adding a polarizing 
apparatus 1211). In ad- 
dition to the four holes men- 
tioned as needed to admit the 
requisite amount oflight, the 
diaphragm is furnished with 
a fifth hole, into which a 
Numbs prism may be screwed, forming the polarizer ; the analyzer 
being strewed into the uppoi part of an adapter previously to its being 
attached to the body, i. The polarizer is mounted on a double tube, so a» 
to be capable of being revolved by turning a large milled bead at the 
bottom. A condensing lens for illuminating opaque objects may be fitted 
into the hole at the eoinoi ol the stage ; it is so arranged that it can be used 
m any required position or angle. Among the objects often furnished with 
the microscope is a plate of selenite, which, if laid under many animal and 
vegetable structures while being examined by polarized light, will cause 
them to assume beautiful colours. Nachet lias invented a binocular 
microscope by which the objects are seen in relief. 

. 1209. Micrometer — In measuring the size of microscopic objects, a 
micrometer small, and a measure) is employed. The stage 

nncrometer coTisists of a piece of glass, ruled with fine in.. -> by means of a 
diamond point, at some known distance apart, such as the ^foth or irfcutb of 
an inch, A mode of ascertaining the magnifying power of the compound 
microscope is founded on the assumption, that the naked eye sees most 
clearly and distinctly at the distance of ten inches. If a divided scale be 
placed on the stage, and distinctly seen magnified through the instrument, 
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let a rule be held at ten inches’ distance from the right eye, while the 
observer uses, at the same time, his left eye in looking at the other scale 
through the microscope, and let the rule be gently moved so that it is seen 
to overlap or lie by the side of the magnified picture of the other scale, — a 
comparison as to how ma$y of its known divisions correspond with a 
number of those on the magnified scale, will indicate the magnifying power. 
Upon a similar principle a pair of compasses may be substituted, whose 
points being placed on the stage are separated till they cover or mark off 
bo many spaces as magnified by the instrument. If they cover 1 magnified 
space, and correspond to 2, 3, or more known spaces on the rule, then the 
instrument is said to magnify 2, 3, or more times linear that known space. 
If T&yth of an inch is found to cover 2 inches on the rule, the instrument 
magnifies 200 times ; if 3 inches, 300 times ; if 4 inches, 400 times, and 
so on. In this way is determined the magnifying power of any com- 
bination of lenses, and the scale which is magnified is called the object- 
glass micrometer. The size of objects may he measured by placing 
them directly on this micrometer ; but it is obvious that they cannot 
under high powers be brought into focus at the same time as the lines ol 
the micrometer. An instrument called the eye-piece micrometer is there- 
fore generally used. It consists of a known scale ruled on glass, and placed 
in the focus of the upper glass of the eye-piece. The glass is divided by 
lines varying from sVth to T&d-h of an inch apart, and is placed either in the 
focus of the eye-lens or below the field-lens. It is obseived with it how 
many of its divisions correspond with one division magnified by the micro- 
scope. Thus, if with an instrument which is known to magnify 250 
diameters linear, it is fouud that 1 space of the magnified micrometer cor- 
i esponds with 5 of the eye-piece micrometer, the size of the object will be 
4th of the knowu scale. If the scale be Tubtrth part of an inch, and the 
object is seen to conespond to 1, or to 4, oi to .5 of those spaces, then its 
size is the ir&rath or yobuth, or Ttfboth part of an inch. In using the eye- 
piece micrometer, the marled side of the glass is put undermost. Other 
kinds of micrometers are also employed, such as the cobweb micrometer, 
where, by the motion of a screw, tine hairs or cobwebs arc made to separate 
from each other. The exact size of objects can only be determined by 
actual measurement ; but at the same time the size may sometimes be 
convenienllv compared with that of any other familiar microscopic object, 
such as a human blood disc, or the like. 

1210. Microscopic Apparatus.— In delineating minute structures, it is 
useful to have the image thrown on paper by means of a camera-lucida , or 
small prism, which can be easily attached to the microscope. In t^e 
apparatus sent along with microscopes will be found a compressorium , foi 
the purpose of applying pressure to objects whilst they are uuder examina- 
tion, troughs for holding such plants as Chara, which are to be seen in 
water, and various instruments lor the dissection and examination both of 
animal and vegetable structures. In testing the power of the instruments, 
certain minute objects are used, such as the scales of Podura plumbea 
or common Springtail, of LepiBma saecharina or sugar-louse, of Ilippafcha 
janira or common meadow butterfly, Pontia braRsica or cabbage buttery, 
the hair of the larva of Dermcstes or bacon-beetle, muscular fihrillse, arid 
the minute markings of the Diatomaceee, as Pleurosigma hippocampus. 
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Certain markings occur in these test-objects , which can only be seen properly 
by good microscopes. In viewing objects under the microscope, they must 
be placed on slips or slides of glass, which should be of a uniform size, not 
less than three inches by one ; and they should be covered with round or 
square pieces of very thin glass, -yfeth to r&ffth of an inch thick. The slides 
ought to be made of thin plate-glass, and the covers of very thin crown or 
plate-glass. In examining recent vegetable structures, it is best to moisten 
them with water. When the parts are dry, thin sections may bo made either 
by means of slicing instruments, or by a sharp knife. Many dr}' objects 
are well seen when immersed in Canada balsam. To preserve objects in a 
moistened state, the substances used are alcohol, a mixed solution of salt 
and alum and corrosive sublimate, water containing a small quantity oi 
creasote (5 grains to the ounce), and glycerine. The objects, in such 
instances, are placed in shallow glass cells, or they are laid on the slides 
and covered with thin glass, which is cemented by means of japanner’s 
gold size, or black japan varnish. The methods of proceeding are after- 
wards described. 

1211. Polarization and Polarizing Apparatus. — When a ray of light 
is reflected or refracted in certain peculiar conditions, it acquires remark- 
able properties, and is said to be polarized.* Light is polarized by 
reflection, simple refraction, double refraction, and by absorption. Double 
refraction is seen in certain crystals which have the power of separating a 
lay of light passing through them into portions. By absorption is indicated 
the property possessed by certain transparent media of absoibing <n 
stopping a part of a ray of light and transmitting the remainder. In the 
case of common or unpolarized light it is supposed that, the vibi^tion of 
luminous particles takes place in more planes than one — two of these planes 
being at right angles to one another, and the particles vibrating first in one 
plane and then in another. Polarized light, on the other hand, is produced 
by vibrations in one plane. 


A Ray of Common Light, 

1 . Is capable of refection, at oblique 
angles of incidence, in every 
position of the reflector. 

2 Penetrates a plate of tourmaline 
(cut parallel to the axis of the 
crystal) in evory position of the 

• plate, 

3 Penetrates a bundle of parallel 
glass plates, in every position of 
the bundle. 

4 Suffers double refraction by Ice- 
land spar, in every direction, 
except that of the axis of the 
crystal. 


A Ray of Polar Led Light , 

Is capable of reflection , at oblique 
angles of incidence, in certain 
positions only of the reflector 
Penetrates a plate of tourmaline 
(cut parallel to the axis of the 
crystal) in certain positions of the 
plate, but in othcis is wholly 
intercepted. 

3. Penetrates a bundle of parallel 
glass plates, in certain positions 
of the bundle, but not in otheis. 

4. Does not suffer double rejraction 
by Iceland spar, in every direc- 
tion, except that of the axis of 
the crystal. In certain positions 
it suffers single refraction only. 


l)cri\ed from the supposed amilog> to the poles of a magnet 
*+ Pereira on Pol.trized Light, p 4H 


Difference bettcccn Common and Polarized Light . f 

1 . 

2 . 
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*-1212. A polariscope is used to ascertain whether light has undergone 
polarization. This consists of two parts, one for polarizing the light, Called 
t^e polarizer, the other for examining the light, called the analyzer or test. 
I 4 the compound microscope a prism of Iceland spar (prepared by dividing 
the oblique rhombic prism into two wedges and then joining the two edges 
by Canada balsam), is placed under the stage as a polarizer, and a similar 
prism is placed over the eye-piece as a test. The Canada balsam separates 
the two images of the doubly refracting spar to such an extent that one 
only is seen through the prism. Two thin plates of tourmaline may be 
used instead, and in that case the light is polarized by absorption. When 
light reflected from the mirror through the polarizer is examined by the 
analyzer it is found that, upon revolving either the one or the other, the* 
light is twice completely stopped on each revolution, and the field of view 
darkened. To exliibit the phenomena of polarized light, interpose between 
the polarizer and analyzer a thin plate of some doubly refracting substance, 
which is called the depolarizer. This depolarizer divides the ray into two. 
or produces two systems of waves polarized in planes at right angles to each 
other. One of these systems traverses the depolarizer more slowly than the 
other, and thus the two intersect each other, or intcr/we , and in this case 
colour is usually produced. * 

1213. A writer in the “North British Review,” for 1856, makes the 
following observations on the polarizing microscope: — Certain struc- 
turea in minerals and plants, and on the tissues and various parts of 
animals, arc wholly invisible in the microscope. In the cornea and 
crystalline louses of animals in composite minerals, and in simple mine- 
rals, s\jph as amethyst, analcime, and apophyllite, in a great variety of 
crystals, to which the name of circular has been given, and in plants, 
there are beautiful organisms arising from differences in density, to which 
the human eye, even if assisted by the best microscopes, is absolutely 
blind, when viewed by common light. This light as it comes from the 
sun, and from artificial flame, consists of, or may be divided into, two 
kinds of light, as electricity may be divided into vitreous aiW resinous, on 
•nagnetism into north polar and south polar. Thus divided, common 
light is said to be polarized, and the two portions exhibit different 
properties when reflected from, or transmitted through bodies. If we 
suppose a cylindrical beam of common light to be composed of different 
parts, like a number of shillings arranged in a cylindrical row with the 
queen’s heads lying in all directions — then, if one half of the shillings, 
separated from the other half, have all the queen’s beads standing 
upright, and if the other half have all the queen’s heads lying hefli- 
zontally, we shall have an idea of polarized light. Now, the sepa- 
ration of common fiom polarized light may be eflected by making light 
pa$fl through several plates of glass, at an angle of about 55 °; all the 
reflected light will be polarized like the cylinder of shillings with the 
queen’s heafls upright, and the transmitted light (when the plates are 
sufficiently, numerous) like the cylinder with the heads lying horizontally. 
Light similarly reflected from a single polished surface of transparent or 
, black bodies, not metallic, will also bo polarized. Common li^ht may be 
divide^jnto two polarized pencils, by passing through certain crystals, 
such, ^Iceland spar or quartz. Each pencil is polarized oppositely, and 
when^homb of Iceland spar is cut into two parts, ftnd these parts are com- 
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Lined so that one of the pencils is hindered from reaching the eye, it 
constitutes a Nicol’a prism, now used in the polarizing microscope. In 
certain crystals, such as tourmaline and herapathite (the sulphate of iodo- 
quinine), one of the pencils is absorbed, and plates of these substance^ 
therefore, are used in microscopes as polarizers. When polarized light has 
passed through any transparent body, a change is made visible by looking 
through anotner polarizer placed transversely to the first polarizer, which 
is called the analyzer. The structure of the microscopic object is 
thus displayed in different colours, or in different Bhades of white light, 
the colour or the degree of light depending on the thickness of the different 
parts of the object. The forms thus disclosed to the eye are at once 
splendid and beautiful. 

1214. The polarizing microscope, simple and compound, was first con- 
structed and used by Sir David Brewster in 1815. In the Simple Polariz- 
ing Microscope, a single lens or a doublet with a piece of tourmaline the 
size of the pupil, as the analyzer, Is placed between It and the eye ; the 
object is then examined by polarized light produced by reflection or 
otherwise. The magnifier and analyzer may be united in a lens of 
tourmaline. In the Compound Polarizing Microscope, the analyzing 
Nicol’s prism is placed immediately between the object glass, and another 
Nicol’s prism, or a small rhomb of spar, presenting one of its pencils to the 
object, is placed beneath the object.- Along with the polarizing apparatus, 
there is generally sent a plate of selenite (which is a film of sulphate of 
lmie or gypsum) of such a thickness as to polarize a blue of the second 
ordeT. This plate is used to show weak polarized tints, as well as to 
show off the colours of polarizing structures by displaying them on a blue 
ground. When^ thus exhibited, all the negative tints (as they' may be 
called) are diminished, and all the positive ones are increased ; and the 
effect of the plate is to mark the true character of the phenomenon. 

1215. In proceeding to use the microscope, it is necessary to have a 
variety of tools and apparatus to aid in preparing objects for investigation. 
These may be arranged beside the observer in such a way that they shall 
be always witttn his reach. * A small tray or box, with divisions, contain- 
ing a pair qf needles in handles (such as are used for crotchet needles), a 
sharp knife or razor, a section-knife (such as that invented by Valentin, and 
which bears his name), scissors, and a pair of sharp or fine needle-pointed 
forceps, about three inches long, are among the most essential instruments 
required. Glass slides may be arranged also upon the same tray for common 
use, and the thin glasses for covers should be kept in a small box by them- 
selves. In manipulating the object to be examined, certain re-agentB are 
required. These are : — 1. Distilled water ; 2, Alcohol in the strong state, 
ana also diluted in the proportion of about 1 part to 10 of distilled water. 
It is the best preserving agent ; it removes colour and also air. 3. Ether, 
which dissolves resins, fats, and oils. 4. A solution of liquor potass© diluted 
to about 1 to 20. It at veils up, and sometimes separates membranes of cells 
and tubes when they exist in condensed layers. 5. A solution of iodine 
in iodide of potassium diluted to the following strength, — namely, 1 grain 
of iodine to 3 grains of iodide of ptiaasium. and an ounce of distilled water. 

* The following details are partly ('ondtnsetl from Schwcht’s treatise on the nucroacope, and 
from the works of Hannover, Qnekctt, Jabex Hogg, and Beale. 
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6. Chromic acid diluted in the proportion of about 1 to 30 or 40 of dis- 
tilled Water. The last two re-agents chiefly act by colouring the cell 
walls or the contents of the cells. 7. Sulphuric acid. 8. Oil, such as 
t^ finest of that obtained from coal, and known as mineral oil, is to be 
recommended for examining and preserving objects in. It does not 
become rancid, nor has it any affinity for oxygen. For the examination 
of pollen and spores there is nothing better. 9. One part of dry muriate 
of lime and 3 of water makes also an excellent solution for preserving 
objects which do not contain starch. 10. Glycerine is the best preserving 
agent for cells containing starch. 11. Canada balsam ; and 12. Turpentine, 
are most useful re-agents and preservative materials for many dry pre- 
parations. 13. A strong solution of carbonate of soda. 14. A solution of 
hydrochloric acid may also be found useful in removing deposits of car- 
bonate of lime. 15. A solution of acetic acid. 16. A solution of carbonate 
of potass. These sixteen substances should be arranged in stoppered 
glass bottles, fitting into a stand or box, so as to be of easy access, and 
little brushes, pipettes, and glass rods, should be arranged beside these 
bottles, in order to apply the fluid to the object. Lastly, the student 
should provide himself with a small note-book of good drawing-paper, on 
which he ought constantly to practise the delineation of the forms or out- 
lines of the objects seen, and he should endeavour to colour them also 
when required.^ 

1216. Numerous other requisites and appliances will suggest themselves 
during the course of investigations, and especially such as will secure 
cleanliness of the object, and of everything used in the research. 1. One 
who has any regard tor his instrument will never suffer it or its lenses to be 
handled by those unaccustomed to their use. 2. The microscope, when 
not in use, must be kept under cover, generally under a glass shade. It 
should never be exposed in a chemical laboratory. 3. Its lenses must be 
cleansed when necessary by a cloth which is used only for that purpose, or 
by dry elder pith. The cloth best adapted for this purpose is old and 
frequently washed linen. 4. A separate cloth of a coarser kind is to be 
used for drying and wiping the slides and covers. 5. Covers of a middle 
size, from concave disks, such as watch-glasses, up to the size of a wine- 
glass without the stem, or other bell-shaped jars, are also required to pro- 
tect the objects, if it is necessary to leave them for any length of time. 

1217. The microscope is used to the best advantage in a room which 
receives its light from the north, or west, or both. The light which is 
reflected from a white and motionless cloud opposite to the sun, is the best 
that can be obtained. If gas-light is to be used, it ought to be corrected 
or modified by passing it through blue glass shades before reaching the 
mirror ; but for exact observation, daylight is always to be preferred. In 
conducting microscopic observations, great steadiness of the instrument is 
required, which should accordingly be set upon a very firm and sufficiently 
large table, bo that all the apparatus hitherto mentioned shall be within 
reach of the observer. It is proper also to begin the examination of 
objects with the lower magnifying powers, and to pass gradually from them 
to the use of the higher powers. By such means a tar larger portion of 
the object is seen, and a more correct idea is obtained of the relations of 
the parts when considered as a whole. Object-glasses, varying from 30 to 
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50 diameters, are the best to begin with. The eye-glass of lowest power, 
that is, the longest one of the series, is also the one which ought generally 
to be used in tne first instance, and as long as the power can be increase^ 
by object-glasses of greater magnifying power, any more powerful ey$* 
piece should not be used, because by the use of such eye-pieces the image 
is rendered more obscure, while less light is obtained for its display, 

1218. — Sources of Errors of Observation. — Extraneous or acci- 
dental objects may be present, and may be derived from various sources. 
Thus, water too long used may bring before the eye both plants and 
animals of the lowest forms, which otherwise would not have been pre- 
sent. Fresh water is absolutely necessary, and it may be even recently 
distilled. Particles of dust, or fibres from the cloths used in cleaning the 
glasses, may also add to the confusion. These consist, generally, of fibres 
of paper, linen, woollen, cotton, of silk fabrics, or minute hairs from the 
brushes used in manipulafion. Air-bubbles are almost invariably a source 
of confusion to the microscopic observer in his first attempts ; but once 
seen and studied, they no longer distract the attention, and the micro- 
scopist soon gets into the habit of disregarding their presence. They 
generally appear in the form of circles of larger or smaller diameter, with 
a dark black-looking rim, seen by transmitted light ; while with incident 
or reflected light, their rim appears of a white colour. Pressure under a 
glass cover causes them sometimes to assume very irregular shapes, but 
possessing the same properties in their margin or outline in their behaviour 
with the light. It is also necessary to become familiar with the appear- 
ances of the lowest forms of animal and vegetable life, such, for instance, 
as the common forms of infusoria, the yeast, and such like plants ; and the 
different forms of mould. It must not be forgotten also, that the various 
menstrua used in manipulation contain elements which properly belong to 
them, and which must therefore be distinguished ; for example, the epi- 
thelium of the saliva, the blood corpuscles which may be in serum, and 
crystals which may be deposited in various fluids which are used as re- 
agents. A popuiiar motion, known as “ molecular motion,” is also a 
phenomenon which must be recognized. It is peculiar to all very small 
particles or molecules, when they float in a very thin fluid medium. It is 
best seen in the fine granules of milk when mixed with water, in the milky 
juices of the plants, and may be observed very distinctly in solutions of 
India-rubber, or caoutchouc, when dissolved in ammonia. A magnifying 
power of 400 or 500 diameters is the best for this observation. Another 
class of deceptions originates in the eye itself. These are the u muscae 
vojftantes,” the nature of which is described as follows by Dr. W. Mac- 
kenzie in his Treatise on the Eye, 

“ Vision of objects on the surface or in the interior of the eye has 
attracted attention, chiefly in relation to a symptom, to which the name of 
fwu&cai yohtemtes has been given. Any spectrum, or visual appearance, 
which is apt to impose on the mind, and lead one to think that flies are 
* 8 ca ^ e< ^ a volitans (fig. 8301. 

The condition comprehend* those sensations whicn arise from, 1* 
The layer of mucus and tears on the surface of the cornea ; 2. Corpuscles 
between the external surface of the cornea and the focal centre of the eye? 
3. Corpuscles between the focal centre of the eye and the sensitive layer 
of the retina. v 
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“ In hanging the head over the microscope, especially if one is affected 
Ufith catarrh at the time 1 the globules, by gravitating to the centre of the 
cornea, not unfrequently appear to the observer so as so impede his view 
of the object, till by the act of nictitation he clears them away. In tele- 
scopic observations, also, the muco-lacrymal spectrum is apt to prove a 
source of annoyance. Thus, in looking at the sun through a tinted glass, 
the observer may be unable to distinguish the spots on that body, being 
perplexed by what seems the reflection of some part of his own eye inter- 
posed between it and the sun. This is caused by the layer of, mucus and 
tears on the surface of the cornea. 

u If one looks at the flame of a candle two or three feet distant, or at 
the sky, through a hole made in a blackened card with the point of a fine 
needle, or through a convergent lens of short focus, such as the eye-glass 
of a compound microscope, on steadily regarding the luminous field pre- 
sented to view, four sets of spectra will be seen^fig. 830), independent of 

the muco-lacrymal spectrum. 
The most remarkable appears 
nearest to the eye, and consists 
of twisted strings of minute 
pearly globules, hung across 
the field of view (fig. 830 a). 
The second in point of remark- 
ableneBS, and the farthest of the 
four from the eye, consists of 
watery-like threads, destitute 
of any globular appearance, and 
depending chiefly from the 
upper part of the field (fig. 830 
b). I call the former the pearly 
spectrum, and the latter the 
watery spectrum. In two dis- 
tinct planes, between those 
occupied by these two spectra, 
float two sets of globules, not 
aggregated into threads, but 
insulated. These constitute what I call the in sulo- globular spectra. 
The individual globules of the set farther from the eye, being hazy 
and ill-defined, may be compafed in appearance to small grains of 
(fig. 830 c ), The globules of the set nearer to the eye are clear in 
fho centre, exteriorly to which they present a sharp black Ting, and still 
more' exteriorly . a lucid circumference (fig. 830 d). These fouT set^of 
spoefra never mingle with one another, so as to change the order in which 
they stand before the eye ; but the pearly spectrum always appears the 
nearest; then the sharply defined insulo-globular ; then the obscurely 
defined globules; and farthest away the watery threads. 

“Almost every eye, even the most healthy, and which has never 
attracted the possessor’s attention by rauscee volitantes, exhibits the pearly 
spectrum, on being directed towards a luminous field, through a fine pin- 
hole, the eye-glass of a compound microscope, or a convex or concave lens 
of short focus, I have given it the same name of the pearly spectrum , from 
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its resemblance to a Haring of pearls. Prevost had already called it appa- 
rent# perlfo, or simply pedes. 

^The lines of tne pearly spectrum are hung across the field of vision 
as often transversely as vertically. On first directing the eve towards the 
luminous field, in one or other of the methods just mentioned, perhaps only 
a very few small pearly globules are perceived; but after steadily regard- 
ing it for a short time, numerous strings of them are discovered, generally 
twisted in different forms, and presenting a variety of knots, loops, ana 
agglomerations. Sometimes they are so numerous as to form an extensive 
shower or cloud. The pearly threads are of different lengths ; some of 
them very short, others stretching across the whole field. Not unfre- 
quently some of them end abruptly in a sort of bulb. The globules or 
pearls forming the threads or rosaries, seemed joined together merely by 
apposition, without being contained in any tube. Sometimes, however, 
the globules are rather indistinct, and then the threads approach to a 
tubular appearance. The globules are always in single rows. They 
appear destitute of any nucleus. They are not all of one diameter, but 
are all smaller than the globules of the insulo-globular spectra. I have 
not satisfied myself that all tho pearly threads occupy the same plant, 
although it is very evident that they are behind the insulo-globular spectra. 

“ That portion of the pearly spectrum which appears in the centre of 
the field of view has but little real motion, less perhaps than the watery 
spectrum which is seen beyond it. Both partake, of course, in the motion 
of the eyeball ; and this gives to both a wide apparent motion. But if the 
field be examined towards its circumference, or if the eye be suddenly 
rotated upwards, other pearly spectra appear, which it is difficult or im- 
possible tor the observer to bring directly before him ; and which, when 
he succeeds in some measure in doing so, quickly subside again out of view, 
partly by a real motion of their own, partly by a wide apparent motion, 
owing to their obliquity in respect to the axis of vision. It is these last 
spectra, chiefly, which produce the pearly muse® volitantes.” 

There are also various optical phenomena caused by refraction, and 
which are necessary to be attended to. They depend, for the most part, 
upon a bad adjustment of the focus, or illumination of the object The 
appearances are also most frequently associated with an increase of the 
magnifying power, and especially with the use of powerful eye-glasses. 
Large grairiB of potato-starch, pollen-grains, the thickened substance oi 
wood-cells, and the cells of cartilage, are among the most common objects 
which exhibit such optical phenomena, which consist in a feeble and gene- 
rally yellowish colouring of the edges of the objects when seen with parti- 
cular foci. 

_ 1219* Focal Adjustment of the Microscope*— The regulation of this 
adjustment is based on the fact, that the microscope can only afford a 
view of one surface of an object at any given time, so that nothing is dis- 
tinctly seen which lies above or below such a focal plane at that time ; and 
the more flat the field of vision, the clearer and better will be the view of 
objects in that plane if the adjustment is correct. The more perfect the 
object-glass, and the greater the angle of aperture, * the more exact is this 

* The angle of aperture is that made by two line* from opposite ends of the aperture of the 
objeet-glaw with the point of focus of 'he lens. A glass with a large angle of aperture shows 



m 


m&wmw m&iumm 

focal plane, mi the n^ore sensitive is the fostrm&tfr to any small altera- 
tion of focus. The focal adjustment is made and Varied by what is called 
a fine adjustment screw, and which is sometimes graduated; and the ac- 
curate adjustment of the object is judged of by the sharpness of the deline- 
ation of tne image, as well as by the fineness and clearness of the outline. 
Ajtexperienced microscopic observer always uses the instrument with his 
finger and thumb grasping the fine adjustment screw, and would not he 
Content with his observation, although it was limited to a mere peep of the 
object, unless be had made the fine focal adjustment for himself. 

1220. Preparation and detection of Objects for Examination. — 
Opaque objects require merely to be made smooth or level on one side, 
and to be fixed on the other. If the object is to be viewed by transmitted 
light, a section or slice sufficiently thin must be procured ; a common sharp 
knife, a razor, or Valentin’s section knife are the instruments to use. They 
must be moistened with water, and sometimes it is advisable to make the 
section under water. If the object is very delicate it may be laid between 
two pieces of cork, and the whole cut through. If the object is hard, such 
as a fossil plant, it must be ground down with a file, a grindstone, or a 
lap, and then polished on one surface. This surface is to be fixed to a 
glass slide by Canada balsam, and the opposite surface nibbed down and 
polished in a similar manner, till it is sufficiently thin to be viewed by 
transmitted light, and it must be of uniform thinness. Sections 
should be made in various directions, so that a correct knowledge 
may be obtained of the relation of the component parts. Maceration in 
water, and tearing the parts asunder with fine needles, are the best 
methods for obtaining the ultimate tissues of plants. Thin glass plates to 
cover the object under the microscope must be invariably used. They 
prevent evaporation, and preserve the moisture about the object ; they 
prevent the object-glass from being covered with vapour, and so rendered 
obscure, and, lastly, they produce a slight pressure, by which the elementary 
parts of the substance may bocome separated from each other, so as to lie on 
one plane. The thin covers are not absolutely necessary where very low 
powem are used. In placing the object on the stage care must be taken 
not to bring it in contact with the object-glass of the instrument. It is also 
to be remembered that, in a compound microscope, the image is inverted, 
and that, consequently, the object is moved in a direction contrary to that 
of the image. 

The following list of tissues to be examined by the Btudent of Vegetable 
Histology, is taken from the preparations used in the microscopical 
demonstrations given to the pupils of the Botanical Class in the University 
of Edinburgh. • 

Cellular . Tissue. — Sea- weeds, Confervas, Moulds and other Fungi; 
Lichens, Liverworts, pith of Elder, and of the Rice-paper plants (Arelra> 
and JEschynomene), outer hark as of the Cork and of Elephantipes, succu- 
lent roots, stems, and fruits, as Orange and Lemon. ^ 

Nwdeated Cells. — Onion, Yeast plant, Vinegar plant, ripe front? 
Strawberry, Stout, ovnles or very young seeds. ' "Y 

Independent Cells.— Re d-snow plant (Protococcus nivalis). 

object* deariy. The angle varies usually from 60° to 100°. Many glasses, however, are made 
with a much 'higher angle. Ross makes glasses of 1/0° of angular aperture. Thc&e wd useful 
for observing minute organisms, such as Diatoms. 
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Thickened Cells. of Coco-nut, stone of Pe&ch, Cherry tod Nut, 
seed of Ivory-Palm and Datejmtty matter of Pear, scales of Cose* 

Pitted or Porous Celle.— Ewter, stem of Common Balsam, outer cover* 
ing of seeds of Gour£ and Almond. 

Spiral Cells . — Leaves, stems, and aerial roots of many Orchids, as 
Oncidium and Pleurothallis ruscifolia, leaf of Sphagnum, episperm of seeds 
of Collomia, Acanthodicm, Calempelis seaber, Lophospermum, and Cobsea, 
pericarp of Salvia. 

Stellate Cells. — Juncus conglomeratus and other rushes, petiole of 
Banana and Plantain, and of Sparganium ramosum, stems of many aquatic 
plants. 

Ciliated Cells . — Spores of Vaucheria and some Fuoi. 

FUamentous Cells. — Fungi. 

Pollen Cdls. — Anthers of Tulip, Lily, Passion-flower, Acacia (cells 
united in fours), Zaraia, Cycas, Tropeeolum, Gloxinia, Colocasia, polli- 
nia of Asclepias and Orchids. 

Pollen Tubes. — (Enothera, Antirrhinum, Hibiscus, Linaria, Gesnera, 
Crocus. 

Embryonic Cells. — Orchis, Listera, Hippuris, Euphrasia, Draba. 

Spores or Reproductive Cells. — In Cryptogamous plants, Ferns, Mosses, 
Lichens, Algro, and Fungi, Zygnerna when conjugating. 

Cells with Siliceous Coveting. — Diatoms, cuticle oi grasses, Equisetum. 

Cells mcrusted with Carbonate of Lime. — Chara. 

Epidermal Cells. — Leaves, Hyacinth, petals of Pelargonium, Apple, 
and Digitalis. 

Hairs. — On leaves, and in pappus of Composite, Cotton (twisted), arti- 
culated hairs on leaves of Goldfussia and Alstroemeria ovata, pappus of 
Trichinium, moniliform Hairs on stamens of Tradescantia, stellate nair6 of 
Deutzia and Aralia papyrifera, peltate hairs of Malpighia urens, glandular 
hairs of Nettle, Loaza, Chirfese Primrose, and Dioneea. 

Glandular Cells. — Sweet-Briar, Passiflora lunata, Ice-plant, Lilac, 
Cinchona, Rhamnus, Rottlera, Aloysia, Mentha. 

Scaly Cells. — Ferns, as Polypodium sepultum, and Nipbobolus, and 
Ceterach, Hippophae, Begonias, Olive. 

Starch in Cells. — Potato, Arrow-root, cereal grains, Bean and Pea. 

Raphides. — Hyacinth, Rhubarb, Arum, Onion, Squill, Balsam, Cactus, 
Lemna trisulca, Ficus, Aloe, Banana, petal of Ornithogalum. 

Stomata . — Hyacinth, Begonia, Oleander, Lilium, Equisetum, Box, 
Gasteria, Marchantia, Crinum, Yucca, Bilbergia. 

Antkeridia and A rchegonia. — Prothallus of Ferns, Mosses, Fucue, Mar- 
chantia^spermatozoids in Ferns and Chara. 

Conjugating Cells. — Zygnerna nitidum, Tyndaridea, Cylindrocystis, 
Deemidieae. 

Vascular Tissue . — Young steme of Herbaceous plants. 

Spiral Vessels. — Canna bicolor, Pitcher plant (Nepenthes), Banana 
and Plantain, Cactus, Hyacinth, Asparagus, Balsam, Strelitzia, branching 
spirals in Mistleto, Long-leek, and Anagallis. 

Annular Vessels.— -Opuntia vulgariB, Leek, Equisetum Telraateia. 

Dotted Vessels. — Sngar-Cane, Nepenthes, Willow, Clematis Vitalb&r 

Reticulated Vessels. — Gardcu Balsam. 
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Sariariform Vessels. — Common in Ferns, Osnranda, Aspleninm, Cheil- 
anthes, Pteris. 

Laticiferous Vessels , — Ficus elastics, Euphorbia, Tragopogon, Chelido- 
niam, Lactnea, Isonandra gutta, Dandelion, * * 

Woody tissue . — Stems of trees, inner bark especially of plants yielding 
useful fibres, as Lace Bark tree, Cuba Bast, root of Elder, Cabbage. 

Punctated Woody Tissue .-— Stems of Conifer®, Pinus, Abies, Araucaria, 
fos&l stems, Cycas, Illieium, and with spirals in Yew. 

1221. Preservation of Microscope Objects. — The following appa- 
ratus is required, viz., glass-slides ground at the edges, and of the requisite 
standard size, with circular glass covers. Preserving agents, cement, and 
a moveable circular disk for mounting and making cells. Among the pre- 
serving media for vegetable substances, are — A solution of chloride of cal- 
cium, glycerine, copal varnish, mineral oil, Canada balsam. Among the 
cements used for vegetable objects, are the following : — Brunswick black, 
japanner’s gold size, black japan, sealing-wax varnish, Robinson’s liquid 
glue, gum mastic and caoutchouc dissolved in chloroform. Objects are put 
up (i. e ., preserved) either as dry or as wet objects. For dry objects, the 
oils and tne Canada balsam are the preservative materials, and they are 
not suited for wet objects. Before mounting objects in Canada balsam 
they should be perfectly clean and free from moisture. They may also be 
soaked in turpentine, especially opaque objects, as it renders them more 
transparent. In mounting, the balsam should be heated to expel the air, 
till a fine delicate film is apparent on its surface. The solution of chloride 
of calcium is adapted for the preservation of wood ami leaves, and for 
most kinds of isolated tissue. The colouring matter in die cells, however, 
is always more or less altered by it, while grains of starch, if present, swell 
up and can scarcely be recognized. The strength of the solution is one 
part of lime to three of water. Glycerine is UBed in equal parts mixed with 
camphor water, which prevents the tendency t& mildow. Tho chlorophyll 
and the grains of starch remain unchanged, and the laminae of the starch 
appear more beautiful after a few hours’ immersion in the glycerine solution. 
Canada balsam and copal varnish are used for the preservation of dry and 
fossil woods. Thin sections should be made, and the hard woods which 
contain gum, resin, and such like matters, should be soaked in essential oil, 
alcohol, or ether, before mounting. If the entire structure of any exo- 
genous wood is required to be examined, the sections must be made in at 
least three different directions, which may be termed the transverse, the 
longitudinal, and the oblique, or, as they are sometimes called, the hori- 
zontal, the vertical, and the tangential, each of which exhibits different 
appearances. The vertical section should show the number and size of ttfc 
medullary rays, that is, the small portions of pith which proceed horizontally 
from the centre, enclosed between the layers of woody fibres, and which 
are known to the cabinet-maker as the silver grain of the wood. In 
coniferous trees, as the pine, this section shows also the beautiful punctations 
on the walls of the fibres. The tangential- vertical section is a slice across 
the medullary ray6, and exhibits the form and arrangement of the cel- 
lular tissue in them. These vertical sections show the form, size, and 
connections of the woody fibres, the spiral, reticulated, and dotted veo06. 
In endogenous trees horizontal and vertical sections only, ate require!.' 



Jf7 

Peat wood requires to be digested in a strong eolation ofearbonate of 
soda, and fossil woods which have been converted into carbonate of U&e 
should be digested in hydrochloric acid* 

1222* To make Cells, and to fix the thin Class Covers. — The, ceJIs 
. are made either round or square by thin layers of cement, according to the 
depth requited. Perhaps the round ones are neater, but they require 
circular pieces of glaffi for covers, and by the aid of the moveable circular 
disc, the roundness of the mounting can be made with perfect accuracy. 
The cover is laid gently down, so as to float on the solution in which the 
object lies, and by pressing carefully on the cover, the superabundant fluid 
is made to pass out by toe edges, and may be taken up by a sponge or 
blotting paper. A thin layer of Brunswick black, or liquid glue, or gold 
size, may be placed round the edge, which will gradually harden and com- 
pletely seal up the preparation. 

II.— On Collecting and Examining Plants, and on the Formation 
of an Herbarium. 

1223. — Instruments and Apparatus. — In examining the characters 
of plants with a view to classification, the chief instruments required are a 
lancet-pointed knife, a small pair of forceps and a lens. In more minute 
examinations, the simple or compound microscope must be called into 
requisition. In selecting specimens, care should be taken to have the 
plants in a perfect state, or with all the characteristic parts pr&sent. The 
entire plant should be taken when practicable ; when that is not the case, 
then those parts should be taken on which the generic and specific charac- 
ters are founded. The roots should always be carefully washed at the 
time the plants are gathered. In most cases, particularly in specimens of 
Umbelliferae, Leguminos®, Composite, Rosse, &c., it is of importance that 
both flowers and fruit should be preserved. In the case of Willows, the 
young shoot, with its fully developed leaves, as well a8 the male and female 
flowers, are requisite. In liubi, specimens of the young shoots must be 
taken. When bulbs or tubers exist, they should be preserved, either in 
an entire or split condition ; and when there is much mucilaginous matter 
in them, they may be enveloped in small pieces of paper, so as to prevent 
them from adhering to the drying paper. In the case of Ferns, two fronds 
are necessary to make a perfect specimen, showing both surfaces, along 
with a portion of the rhizome. Entire specimens of Gramme® and Cype- 
race® should b^collected ; these, when long, may be bent into one or more 
folds, corresponding to the size of the paper on which they are to be 
•fastened, . the folds being temporarily retained by small slips of paper 
haying slits in the centre. No bad specimens ought to be preserved. 

1224:, In taking up the roots of plants, a small Digger or trowel is used, 
7 or 8 inches long (%. 831) ; the spud 2£ inches long, 2£ inches wide at 
the top, narrowing gradually to 2 inches at the bottom, the lower angles 
slightly rounded. This can be put into a leather sheath, and fastened by 
a strap round the waist, the spade itself being attached to the strap by a 
long string. A japanned tin box or Vaeculum is required for the reception 
of specimens. This should be of sufficient length to receive a plant of the 
full size of the herbarium p-per ; it ought to be convex on both sides 
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(fig. 832); and its capacity may vary according to^ the wish of the col- 
lector. la long excursions where productive localities are visited; it will 



be found that a vasculum 20 inches long, by 8 or 9 inches wide, and 5 
deep, is not too large ; and when it is made of thin tin, it is by no means 
heavy. At one end a good sized thickish handle should be placed, and it 
Is neceBsary to have wires fixed at each end so as to receive a strap for 
fastening the vasculum on the shoulders. The lid of the vasculum should 
be large, and is best secured by a wire which slips into a tin sheath, and 
so constructed as not to be liable to slip out when the box is held by the 
handle. For mosses and some Alpine species of plants, a small box may 
also be carried in the pocket. Many plants will not bear transport ; their 
flowers fall off easily, and they are so delicate that their foliage become# 
shrivelled. In such instances it is best to put them at once into paper. 
This is managed by having a small Field-book (fig. 833), which may be put 
into the pocket or suspended round the neck, secured by straps so as to 
give pressure, and with an oil-cloth covering which may be used in wet 
weather. This field-book may be made with two thin mahogany boards 
on the outside. 

1225. The Paper for dnjing should be moderately absorbent, 18 inches 
long by 11 broad, and arranged in parcels containing not less than four 
sheets. The paper which is used extensively in Scotland, is made by Cowan 
and Co., Princes Street, Edinburgh. In many respects, the Edinburgh 
botanists prefer it to Bentall’s. It is of considerable thickness, absorbs 
moisture rapidly, but does not become too moist, and dries easily. A very 
thki kind of paper, called crown tea-paper, is used for holding very delicate 
plants, which cannot be easily transferred from one paper anOtherHuring 
drying. After being carefully laid out in the folds of this paper, they are 
placed between the sheets of drying paper, and when the paper is changed* 
they are transferred at once in their thin cover without being disturbed. 

1226. In order that pressure may he given, Boards are requisite. 
These should be exactly the size of the drying paper. Some of them are 
Used for outside boards, and these ought to be thicker and stronger than 
the rest ; others are inside boards, about f of an inch thick. For every 
two reams of drying paper, not less than ten boards should be procured;, 
two of which are for the outside, and eight for the inside. Sheets of stoi& 
pasteboard are also useful for packing up the plants as they become d f® 
The pressure is best applied on a botanical excursion, by means of a roj#e 




put twice round tie boards asdpaper, and tightened by a *aek-pi»* Thin 
is much batter tlm ataFaps, Which are apt tq give way f ^d are witfe 
difficulty replaced during an excursion. In other circumstances, pressure 
ia best applied by means of heavy weights. The pressure ought not to be 
less than 3$G Ids This is preferable to a screw-press, in which the 
pressure is toot kept up while the plants are losing their moistures. 
Boards may be replaced by frames of hard wood, furnished with cross-bars. 
They are lighter, and have the advantage of leaving a portion of the surface 
of tne packet in contact with the air, and consequently of hastening 
dessication, at the same time they are less solid than the boards. Sheets 
of tin may be employed to separate the different layers of plants in process 
of drying, so as to hinder the humidity of one from reaching the other, or 
the inequalities of the larger from injuring the smaller and more delicate. 
In the case of plants with strong stems, they must either be split, or a sand- 
bag, of the same size as the hoards, used, so as to equalize the pressure. 

1227.- — Process of Drying. — The plants when collected are to be 
placed on the drying paper. In doing this, a parcel of not less than four 
sheets is put on one of the outside boards ; then the specimens are laid 
out carefully, preserving as far as possible their natural habits, and laying 
out the leaves and other parts. Another parcel* of drying paper is then 
placed above these, and the same process is repeated with other specimens 
until twelve such parcels have been placed together. Then one of the 
inner boards is laid down, and other layers of paper and specimens are 
applied, until the whole parcel is of sufficient size to be subjected to 
pressure. After twelve hours’ pressure, in most instances, the paper is 
changed, the moist paper being bung up to dry ; and in transferring the 
specimens from the wet to the dry paper, a large pair of surgeon’s forceps 
is used. The interval elapsing between the changing of the papci may be 
increased or diminished according to the nature of the plants, and the state 
of the weather. In the course of eight or ten days, ordinary specimens 
will be so dry as to require only very slight pressure, with a moderate cir- 
culation of air. Some very dry plants, as grasses, may require only one 
changing. Succulent plants, such as Sedum and Sempervivum, continue 
to grow, however much submitted to pressure and the ordinary methods of 
dessication already indicated. In order to dry these plants completely and 
rapidly, it is necessary to kill them, by immersion in boiling water for five 
or ten minutest* The plants thus dealt with are then placed upou a cloth 
and left to drain for some time, after which they must be carefully placed 
between the folds of the drying paper, not forgetting to lay out properly 
any of the parts Vhich the water may have disarranged. Qrchideous plants 
•ore sometimes put into warm paper, and changed frequently, with the view, 
if possible, of preserving their colours by the rapidity of drying. Scarifi- 
cation has sometimes been adopted with the view of allowing the juice to 
flow out rapidly. Motley recommends that Orchids should be put into weak 
spirit for one or two nights, and then dried. At tfie time the specimens 
are laid out on the drying paper, a label should be inserted with the date of 
collecting, the name of the station, its elevation above the sea (if it can be 
ascertained), and any remarks as to soil or geological structure that may 
be jjnown. ^ With the view of transporting dried plants securely in wet 
weather, it is useful to have a -supply of oil cloth to cover them. 
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1228 . Mosses may be collected in excursions in tufts, and dried by 
moderate pressure at first. They can afterwards be separated, moistened, 
and dried with greater pressure. They ought to be gathei^d in fructifica- 
tion. Lichens sometimes reauire to be taken with the rocks or stones to 
which they are attached, ana they may be merely wrapped up in paper. 
Sea-weeds must be washed with fresh water before bemg laid out. The 
more delicate kinds are floated out on pieces of stiff paper, and afterwards 
dried by moderate pressure. In preserving fungi, such as Agarics, etc., a 
thin slice is taken from the centre, extending from the top of the pileus to 
the base of the stipe. This is dried separately to show the gills or pores, 
etc. The inner eellular portion of the pileus and Btipe is then removed, 
and these parts* are dried so as to give the form. Travellers visiting 
foreign countries (although not botanists) will find it an easy matter to 
preserve Mosses, Lichens, and Sea- weeds in a state fit for after-examination. 
In the case of Sea-weeds, it is necessary to avoid such specimens as are 
in a state of decay. Those which are taken should be spread out in the 
shade to dry, without washing them with fresh water, and when quite dry, 
packed loosely in a box. Many species are found thrown upon the beach, 
and the pools in the rocks at low water are often filled with excellent 
specimens. The stems of the larger Algae are often covered with parasitic 
species, which should be dried without separation. 

1229. When the specimens (whether Phanerogamous or Cryptogamous) 
are fully dried, they are then selectedfor the herbarium, and are fastened upon 
fioe^stifF paper, fit for writing upon, 17 inches by 10$.* In large herbaria, 
which are constantly consulted, the best way of securing the specimens is by 
means of fiue thin glue ; the plants, after the glue is put on them, being madp 
to adhere to the paper, by pressure between folds of drying paper. Some 
use gummed paper, others use thread or narrow ribbon, by means of which 
the specimens are sewed to the paper. Plants of certain families, as Com* 
positse, are more particularly exposed to the ravages of insects. Hence, all 
plants after being dried, should be brushed over with an alcoholic solution 
of corrosive sublimate, f This treatment has the inconvenience of dis- 
colouring them more or less completely, and making them assume a light 
brown tint ; but there can be no hesitation between the alteration of their 
colour and the complete destruction with which they are menacq^, if not 
submitted to the above manipulation ; some recommend cyanide of potassium 
to destroy insects. In herbarium-presses camphor is emphtycd to prevent 
the attack of insects. The specimens must be kept dry, and frequently 
examined, and when insects are present, they must be retouched with the 
solution already indicated. 

1230. Specimens in a moist state. — In preserving fresh specimens of* 
fruits, and the other parts of plants, the best mode is to put them into a 
saturated solution of salt and water. They can thus be sent borne from 
foreign countries in jars or barrels. In making a museum of such speci- 
mens, they are put into glass jars, the sizes of which should be regular — 
4, 8, 12, and 16 inches high, with a diameter varying according to thft’size 

* The paper used m Edinburgh is made by Cowan and Co, under the name of u Caul 
Medium, flat 4to,” and costs two guineas a reum when cut. 

+ The solution commonly used consists of 80 e ruins of camphor, and 30 grain* <^|pj«inion 
sublimate to an ounce of alcohol. - 
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of the specimen* The glasses may be filled with the following solution, 
which is nearly the same as that used by Goadby, and which seems to 
answer wol} in%ost instances : — ^ 


Bay salt 4 ounces. 

Burnt alum 2 ounces. 

Corrosive sublimate 20 grains. 

Boiling water 2 quarts. 


Dissolve and filter the solution. Spirit is often used, but it usually make* 
all colours alike brown. It is useful for delicate specimens whith are 
required for dissection. Diluted acetic acid is also very generally em- 
ployed. The mouth of the glass jars may he conveniently covered with 
India rubber, or in the case of glasses of small diameter, with a watch glass 
secured by sealing wax, or by circular glass covers cemented by a lute 
composed of resin 1 part, wax 2 parts, .and vermilion 1 part. 

1231. Seeds, when sent from abroad, should be collected perfectly ripe 
and dry, and if possible kept in their entire seed-vessels. Small seeds may 
be folded in cartridge paper, and should be kept in a cool and airy place 
during transport. Large seeds and oily seeds, which lose their germinating 
power speedily, are best transported in earth. A box abont 10 inches 
square, with the sides f of an inch thick, answers well. In this may be 
put alternate layers of earth and seeds, the whole being pressed lirmly 
together. Living plants are best transported in Wardian eases flf 297), 
and seeds or fruits may also be scattered in the earth of the cases. Bulbs 
and rhizomes not in a state of vegetation, cuttings of succulent plants, as 
aloes and cactuses, and the pseudo-bulbs of Orchideous plants, may be put 
into a box or barrel with dry moss, sand, peat, or sawdust. 

1232. Hints as to the preparations to he made for alpine travelling , particu- 
larly in Switzerland, partly taken from Wills' “ Wanderings on the High 
Alps." 

' A botanical trip for six weeks in Switzerland, including the expense of 
goiug and coming, need not cost more than twelve shillings a day. In a 
pedestrian tour the traveller must be as lightly equipped as possible ; at 
ihe same time -he must so provide as to have a change of dress in case of 
wot weather. The Botanist must send his heavy portmanteau and his 
drying paper, with boards rope, and rack-pin, to different points by rail- 
way or post During his alpine rambles, he will find that he can only 
•carry his box, spade, field-book, alpenstock, and light waterproof. HJb 
knapsack, while he is botanizing , must be carried by a porter. He should, 
however, be prepared on an emergency to carry all his alpine baggage 
with him, more especially when passing from one station to another by 
uoine beaten track, where few plants are to be expected. A large party 
will find it convenient and economical to hire a horse fdt the conveyance of 
their knapsacks. 

The articles required are as follows : — 

A light waterproof knapsack, which will bear rough usage, about 14 
inches long, 10 inches broach afcd 3} inches deep, with two light strap* at 
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the top to hold a very light waterproof, and a stout leather handle by 
which to carry it, if necessary. The straps for th© shoulders shouhfr be 
broad. One of the shoulder straps should end in a iin£, and aliook should 
be fastened on the lower ed^e of the knapsack to receive it. By this con- 
trivance the knapsack is easily taken off. The whole apparatus ought not 
to weigh above 2 lbs. 

Good shoes, large, so as to allow for the swelling of the feet, the soles 
from $ to $ of an lttdi thick, studded with stout nails, not too thickly. 
They should be worn with gaiters, so as to keep out dust, 6tones, etc. 

Soft woollen socks, sueh as those made in Shetland. Of these two or 
three pairs are required. 

A shooting coat, a waistcoat, and trousers of flannel, or of shepherd's 
plaid, the two former being double-breasted. Flannel should always be 
worn next the skin on account of rapid changes of temperature on the 
glaciers and in the valleys. 

A light wide-awake hat with strings or elastio band. In very hot 
weather the action of the sun on the forehead and temples may be dimi- 
nished by a thick roll of white muslin round the hat. 

A light waterproof of silk ; one may be got weighing only six ounces. 

The contents of the knapsack should not weigh more than 6 or 7 lbs. 
They should consist of two spare thin merino shirts, three or four pairs of 
socks, well run in heels and toes, a very thin pair of trousers or drawers 
for change, two pocket handkerchiefs, and a pair of light shoes ; materials 
for mending—as needles, thread, worsted, tape, buttons,- hits of cloth and 
flannel; also string, soap, sponge, brush and comb, razor, and tooth-brush ; 
oiled-silk, lint, and bandages; ordinary medicine — as compound rhubarb 
pills, opium, and sugar of lead and opium pills, tartar emetic, lard, and 
sticking-plaster ; a small quantity of ndte-paper, ink, pens, wafers ; a large 
knife, mrnished with a corkscrew, gimlet, and saw ; lucifers ; a pair of 
dark spectacles, and a dark veil, and warm gloves and muffitees. There 
may bo also added a journal, a thermometer, compass, clinometer, 
whistle, and a small telescope. A flask and drinking-cup will also be of 
service, and a common coarse blouse, which can be procured in Switzerland 
for two francs. For travelling on glaciers a few screws, about £ of an inch 
long, with large double-pointed heads, are useful. Wills procurec^them at 
Chamouni. These are screwed into the sole, three or four being enough for 
each shoe. 

For glacier work, stout ropes, thicker than a window-sash cord are re- 
quired, 10 to 15 feet for each person, and an ice hatchet. An alpenstock, 
6 feet in length, is of essential service. A good map is also of great value. 
The botanist must also have a small tin box, 10 or 12 inches in length, an<f 
about 4 deep ; a small spade, in a leathern case, fastened round hiB waist, 
and a small field-book for drying plants, made of thin wooden boards, 8 or 
9 inches long, and about 5 inches broad, and containing drying paper, about 
1 or 1} inch deep. The plants gathered must be transferred to larger 
drying paper at different stations, and must then either he carried by a 
porter, or sent by conveyance of some sort. 

It ip by no means necessary to have guides in every part of the Alps of 
Sjritzerland. For instance, Mr. Wills says, that none are required for 

Ool de Bahne, the T6te Noire, the Col de Yose, the Great St. Bernard, 
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the Gemmi, and the, Grimse}. In wandering* however, among the high 
moan tains, it » alwayeSafe to take a guide. Wilis suggests that the best 
.way iB to secure a good guide at starting, and keep him during the whole 
tour. He costs about' five or sk francs a day. 

1233. Work* on the Microscope. —The following works may be consulted 
by the student : — Quekett’s Practical Treatise on the Use of tbe Microscope; 
Carpenter, The Microscope and its Revelations ; Schacht, The Microscope 
and its Application to Vegetable Anatomy and Physiology, translated by 
Currey ; Hannover on the Construction and Use of the Microscope, edited 
by Professor Goodsir; Beale, The Microscope and its Application to 
Clinical Medicine ; Hogg on the Microscope ; Ross, article u Microscope ” 
in the Penny Cyclopaedia ; Bennett’s Lectures on Clinical Medicine, etc. ; 
Transactions of Microscopical Society and Microscopical Journal ; Griffith 
and Henfrey, Micrograph ical Dictionary ; Pritchard’s Microscopic Illustra- 
tions ; Robin, Du Microscope at des Injections. 

1234. List of the principal M icroscope Makers. — Ross, Powell and Lea- 
land, Smith and Beck, Ladd, Pillischer, Pritchard, Salmon, in London ; Adie, 
Bryson, Hart, in Edinburgh ; Field, Parkes, in Birmingham ; Dancer,, in 
Manchester ; King, in Bristol ; Chevalier, Nachet, Oberhauser, Brunner, 
in Paris; Schiek, Pistor, in Berlin; Ploesl, in Vienna; Frauenhofer, in 
Munich ; Amici in Modena. 

1235. Ross 1 Microscopes in 1855 — Objectives and Prices. 


Object Glasses, 
Focal Length. 

Angle of 
Aperture. 

Magnifying Powers, with 
lour Eyc-pieces. 

Prices. 




A 

B 

C 

D 

£.*. 

2 inches 

12 degs. 

20 

80 

40 

60 

2 0 

1 inch 

15 

>» 

60 

80 

100 

120 

3 0 

1 „ 

22 

» 

60 

80 

100 

120 

3 10 

i » 

65 

H 

100 

130 

180 

220 

5 5 

i .. 

85 

W 

220 

850 

500 

620 

5 6 

i „ 

125 

ft 

220 

350 

500 

620 

7 10 

i 

135 

ft 

320 

510 

700 

910 

[ 10 0 


180 

tf 

400 

670 

900 

1200 

11 0 

i » 

150 

»t 

400 

670 

900 

1200 

12 0 

A n 

1ft) 

ii 

650 

900 

1250 

2000 

18 0 


1236 . Directions to Collectors visiting Foreign Countries , condensed from 
Hooker's Kew Miscellany , Vol. IX., p. 214-219. 

A Botanist visiting a foreign country should^tnake as perfect a collet?-' 
tion as possible of all the plants, neglecting no species and preserving 
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specimens of every kind, more especially such as seem to bo confined to 
certain localities. The arborescent plants, trees of every description, are 
to be sought for and collected in flower and in fruit ; cones and larger 
acorps, and other kinds too large for the hortus siccus, are to be preserved 
apart from the foliage, and notes made of the locality, height, bulk of the 
trunk, etc. In proportion as mountains are ascended, the vegetation will 
be found to change and to become more interesting and more peculiar. 
Particular notice should be taken of the heights at which different plants 
grow, and of those plants which are found nearest to the limit of perpetual 
snow. Care should oe taken to preserve the collections from wet and damp. 
They may require to bo opened occasionally, and exposed to a dry air or 
artificial heat. Seeds should be collected, and transported in the way 
already noticed 1231). Objects of interest as regards economic botany 
should be collected ; such as articles of food, clothing, ornament, medicines, 
resins, dye-stuffs, samples of woods, particularly those good for carpentry 
and cabinet-work. Varieties and abnormal forms of species Bhould be 
sought for and preserved ; attention being paid to differences in habit and 
in the form of leaves and flowers in the same species at different periods 
of growth and in different conditions of growth. A comparison should be 
instituted between the flowers of different regions, as of the plains, swamps, 
and of different heights and exposures on the mountains, as well of different 
geological districts, as granite, limestone, etc. The times of leafing and 
flowering of bushes and trees, etc., should be noticed. When the vegetation 
seems unusually retarded or accelerated, the temperature of the surface 
soil and at three feet deep should be ascertained, wherever possible. The 
collector should, as soon as possible, make himself acquainted with the names 
of the more common and conspicuous plants of the district he traverses, by 
consulting any works which may have been written regarding it. The planks 
which affect waysides or the tracks of man and animals should be noticed, and 
the effect of clearing away forests and of burning grass land on the sub- 
sequent vegetation should be attended to. The transport of seeds by man 
and animals is a subject of great interest, which should not be neglected. 
Care should be taken to ticket the specimens, so that there may be no 
difficulty in determining their localities afterwards. Notes as to elevation 
(if above 2000 feet of the sea level), dates, name of district, and any other 
information, should be attached to the specimens to which they refer. A 
collector cannot be too careful in regard to these matters. Ascertaining 
the temperature of the trunks of evergreen and deciduous trees and of the 
soil at their roots is a subject of importance. The temperature of the soil 
at various depths during winter should be recorded ; also the temperature 
of the air ana water between the under surface of melting snow-beds and 
the subjacent dormant vegetation, with the view of determining the 
causes of the rapidity with which plants germinate and blossom after the 
disappearance of snow from alpine situations.* 

* For fuller detail* tee instructions by Sir Wm. Hooker and Dr. Hooker in Kew Miscellany, 
Vol. ix., pp. 214-219. 
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EXPLANATION OF SOME OF THE MOST IMPORTANT 
BOTANICAL TERMS. 


A, alpfui, privative of the Greek, placed before a j 
Greek or Latin word, indicates the absence of 
the 01 gau ; thus, apkylms, leafiest, acaulis , 
stemless 

Abaxial or Abaxii.e, not in the axis, applied to 
the embryo when out of the avis of the seed 

Abnormal, deviating from regularity or from the 
usual form or structuie. 

Abortion, aunpres^on of an organ, depending 
on non-aevelopment. 

Abrupt, ending in an abrupt manner, as the 
truncated leal of the Tulip tree , abruptly-pm - 
nate , ending in S pinnae, m other words, pan- 
pinnate; abruplly-acuminate, a leaf with a 
broad extremity fiom which a point arises 

Abscission, cutting off, applied to the sepai ation 
of the segments or frustules of Diatoms 

Acaulis or Acaulescknt, without an evident 
stem 

Accrescent, when parts continue to grow and 
increase after flowenng, us the calyx of Phy- 
salis, and the styles of Anemone 1‘ulsatillu. 

Accent*., grown together. 

A con mb k nt, applied to the embryo of Cruel ferae, 
when the cotyledons havo their edges applied 
to the folded radicle 

Acerosr, narrow and slender, with a sharp 
point. 

Achknk or Aciubnium, a monuspcrmal seed- 
vessel winch docs not open, but the pericarp of 
which is separable Ircm the seed 

A niLAMiDEors, hairng no floral envelope. 

Achromatic, upplied to lenses which prevent 
chromatic aberration, t. e , show obyectB with- 
out any prismatic colours. 

Aoicular, like a needle m form. 

Aciculus, a strong bristle- 

Acinacifohm, shaped like a sabre or scimitar. 

Acinus, ope iff ’the pulpy drupels forming the 
fruit of yt Raspberry or Bramble 

Actihe^htma, cellular tissue, having* star dike 
orj? jhite form. 

vlkdohods, having no cotyledons. 

2 i 


Acrocarpi, Musses having their fructification 
terminating the axis. 

Acrogen and Ackogenous, a stem formed by 
the bases of fronds m ferns, increasing by its 
summit, and having its vascular tissue in the 
form of irregularly formed bundles 
AcLLEua, a prickle, a process of the baik, not of 
the wood, as in the Rose, .■Jculeate, furnished 
with prickles 

Acuminate, drawn out into a long point. 

Acute, terminating gradually m u sharp pqjut. 
Adklphous or Adelpiua, in composition, means 
union of filaments. 

Aim k rent, united, adhision of parts that are 
normally sepniutc, hs when tne calyx is unit <1 
to the ovary. 

Adnatk, when an organ is united to another 
throughout its whole length, ns the Btipulefc in 
Rose, and' the filament and anther m Ranun- 
culus 

Auvrkssko or Apprvsbf.o, closely applied ton 
surface, ub some bans 
Adi ncus, ciooked or hooked 
Adventitious, organs produced m ahnoimal 
positions, as roots arising from aerial stems 
^Estivation, the urraugement of the paits oi 
the flower in the flower-bud 
Affimty, relation m all essential organs. ; 
Agamous, the Bame as Cruphfftimous 
Ala, a wing, applied to tne lateral petals of a 
papilionaceous flowtr, and to membranous 
appendages of the fruit, as m the Kim, oi ot 
the seed, hr in pines 

Albumen, the nutritious matter stoml up with 
the embryo, called also Penspetm and Endo- 
sperm. 

Alburnum, the outer young w r ood of a Dicotyle- 
donous stem 

Algology, the study of Sea-weeds 
Alsinackous, a polynetalcras coiolla m which 
theie are mtervals between the petals, as in 
Chickweed , 

Alikbna'ie, arranged at different heights on the 

2 
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same axis, as when eafh leaf h «parated by 
mteruode* by those next to it. 

Alvroljs, regular cavities on a surface, as in 
the receptacle of the 8 unflower, and in that 
of Nehrmbmm which » called Alveolate. 
AmentuV, a catkin or deciduous unisexual spike ; 

plants having catkins are Amentiferous. 
Ami^ios, the nuid or semi-fluid matter in the 
embryo-sac : - 

Amorphous, without deflnUe'fonn. 
ahehisarca, an indehisccnt multilocular fruit 
with a hard exterior, and pulp round the seeds, 
as seen in the Baobab. 

Amphitbopal, an ovule curved on itself, with 
the bihim in the middle. 

Anpi^xiCAon, embracing the stem ovct a large 
T>art of its eir umference. 

Ampulla, a hollow leaf, as in Utriculana. 
Analogous, when a plant strikingly resembles 
one <if another genus, so as to represent it. 
ANAjStOlfQSis, union of vessels; union of the 
final ramifications of the veins of a leaf. 

Aw atrqpal or Anatropous, an inverted ovule, 
the lulnra and micropj le being near each other, 
and the chalaia at the opposite end. 

An ok pa, two-edged. 

Androbcium, the male organs of the flower 
Androgynous, male and fern le flowers on the 
same peduncle, as in some species of Carex. 
AnuuOphork, a stalk supporting the stamens, 
often formed by a union of the filaments 
Ankr, male or stamen, m composition, Andro 
and Androus. 

ANPEACTnosK, wavy or sinuous, as the anthers 
of Cucurbitncew. 

Anoiknchyma, vaacular tissue in general. 
Angtospkrmous, having Beeds contained m a 

seed-vessel. 

\N,sos, m composition, means unequal 
Amsostemonous, stamens not equal in number 
to the floral envelopes, nor a multiple ot them 
Annotintjs, a year old. 

Annulus, a nng, applied to the ilastic run sur- 
rounding the sporangia of some Fcrus also to 
a cellular rim on the stalk of the Mushroom, 
being the remains of the veil 
Anterior, same as inferior , when applied to the 
ports of the flower in their relation to the 
axis 

Anthela, the cymose panicle of Jimeneem 
An 1 *h kr, the part of the stamen containing pollen 
Anthbridtum, male organ in Crvptogamic 
plants, frequently containing moung hlaments 
Anthebozoa, moving filaments m au nutlien- 
dium. 

ANtbksts, the opening of the flower. 
ANTROCA&Pous, applied to multiple or poly- 
gyuceciaMruits, formed by the ovaries of seve- 
ral flowers. 

Anthodium, the capitulum or head of flowers 
Of Composite plants. 

Anthophore, a stalk supporting the inner floral 
envelopes, and separating them from the calyx 
Anthos, a flower, in composition, Antko; in 
Latin Flos. 

A NTHQTAX18, the arrangement of the flowers on 
the axis. 

Asmcus, placed in front of a flower, as the lip 
of Orchids; Anther* Antica, anthers which 


open on tbo surface next the centre of the 
flower ; stunt as 

ntttbopal, applied to an embryo wbo»e radicle 
is diametrically opposite to the hilum. 

Apkrispermic, witnout separate albumen ; same 
as Ex albuminous 

Aprtalous, without petals, in other words, mo- 
noehlamydeous. 

Aphyllous, without leaves. 

Apical or Apicilar, at the apex , often applied 
to parts connected with the ovary. 

Apiculatk, having an apiculus. 

Apicclu 8 or Apiculum, a terminal soft point 
springing abruptly. 

Apocarpous, o>ary and fruit composed of nu- 
merous distinct carpels. * 

Apophysis, a swelling at the base of the theca 
in some Mosses 

Ajpothecium, the rounded, shield-like fructifica- 
tion of Lichens. 

Apterous, without wings. 

Arachnoid, applied to nnehairs so entangled ns 
to resemble a cobweb. 

Arlhkcionium, the young female cellular organ 
m Cryptogamic plants. 

Ahcuate, curved in an arched manner like a bow. 

Arkolate, divided mtodistmrt angular spaces, 
or Areotce. 

Arilluh and Arilt.ode, an extra covering on the 
seed, the former proceeding from the placenta, 
the latter from the exostomc, as m M ice. 

Arista, an awn, a long pointed process, a« in 
Harley and many grasses which ure called 
A ns tale. 

: Armtturk, the hairs, pncklcs, &c„ covering an 
01 gan 

Articulated, jointed, separating easily and 
cleanly at some point 

Asckndinq, applied to a procumbent stem, 
which rises gradually from its base , to ovules 
attached a little above the hose of the ovarv, 
and to luurs directed towards the upper part 
of their support 

Abcidium, a pitcher or folded leaf, ns in Ko- 
penthes 

Abcus, a bag, applied to the theere of Lichens 
and other Cryptogams, containing sporidia or 
spores 

Asperity, roughness, as on the leaves of Borngi- 
nacem. 

AfiACTKNcnYMA, tissue composed of spindle- 
shaped cells 

Amorous or ATBOPAL.the same us Orlhotroponi 

Avrtculatk, having appendages, applied to 
leaves, having lohes or leaflets at their base 

Awn and Awnkd, see Arista and A’isinte • 

Axil, the upper angle where the leaf pans the 
stem. 

Axile or Axial, belonging to the axis. 

Axillary, arising from the axil ot a leaf 

Axis, is applied to the central portion of the young 
plant, whence the plumiile and radicle Hre 
given off, and the name ib giveu in general to 
the eenti'Hl organ Wearing buds; m Grassis 
the common stem of a locusta. 

Bacca, berry, a unilocular frxut having a soft 
outer covering, and seeds immersed m pulp 
All such fruits are called Baccate. 
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Balawta, the froit of the Pomegranate. 
Barbate, Bearded, having tufts of hair-like 
pubescence. 

Bark. (cortex), the outer cellular and fibrous co- 
vering of the stem ; separable from the wood 
in Dicotyledons. 

Bvrren, not fruitful, applied to male flowers, 
and to the non-fructifymg fronds of ferns. 
]UsALor Basilar, attached to the base of an 
organ. 

JU^xdium, a cell bearing on its exterior one or 
more spores in some Fungi, which are hence 
called Rasidiosporous 

LU^r or Bass, the inner fibrous bark of Dicotyle- 
donous trees 

Bf of guar, a hairy excrescence on the branches 
and leaves of Boses, caused by an attack of a 
Cynips 

Bidknoatk, bavins: two tooth-hke processes 
Bi k a RioLs, in tA o rows, one on eacli side of an axis. 
Bifid, two-cleft, cut down to near the middle 
into two parts. 

Bif >rink, a raplndinn cell with an opening at 
each end. 

Bi lamellar, having two lamellae dr flat divi- 
sions, as m some stigmas. 

Bilocular, having two locularaents. 

Binatk, applied to a leaf composed of two leaf- 
lets at the extremity of a petiole. 

Bipartite, cut down to near the base into two 
parts. 

Bi pinnate, a compound leaf divided twice in a 
pinnate manner. 

Bipinnatifid, a simple leaf, with lateral divi- 
sions extending to near the middle, and which 
are also similarly divided 
Bipinnatipartite, differing from bipmnatifid 
in the divisions extending to near the midrib 
Bi plicate, doubly folded in a transverse manner 
Biporose, having two rounded openings. 

Bis, twice, m composition Bi. 

Bhkrratk, orduplicate-serrute, when the serr.i- 
tures arc themselves serrate. 

Bitkrnatk, a compound leaf divided into three, 
and each division again divided into three 
Bitten, same as Premorse. 

Blade, the lamina or broad part of a leaf, as dis- 
tmguised from the petiole or stalk 
Bi anchilNg, see Etiolation. 

Bi btting, u peculiar change m an austere fruit, 
by winch, after being pulled, it becomes soljt; 
and edible, as in the Medlar. 

Bole, the trunk of a tree. 

Rothrknchyma, dotted or pitted vessels, with 
depressions on the inside or their walls 
BuflcniATK, with decussate branches 
Bract, a leaf more or less changed in form, from 
which a flower or flowers proceed; flowers 
having bracts are called Bract rated 
Bractkole or Bractlet, a small bract at the j 
base of a separate flower m a multifloral inflo- 
rescence. , 

Bryology, the study of Mosses, same as J fuseo- 
hgy. 


BYssoro, very slender, like a cobweb. 

Caducous, falling off very early, as calVx of 
Poppy. 

C^spitosk, growing in tufts 
C a la triform, hemispherical or concave, like a 
bowl or enp 

Cala rHiuic, same as Cap>tulum and Anfhortiwn. 
Calcar, a spur, apK&feeting hollow or solid pro- 
cess from ihe base wkn organ, as in the flowers 
of Larkspur and Snapdragon , such flowers are 
called Cakarate or spurred 
Calckolate, slipper-like, applied to the hollow 
petals of some Orchids, also to the petals of 
Calceolaria. 

Callosity or Cali us, a leathery or hardened 
tlnckenmg on a limited portion of an organ. 
Calyciflohj:, a sub-claBs of Polypetalous Fxo- 
gens, liHving the stamens attached to the calyx- 
Calyculus or Calicilus an outeff calycine 
row of leaflets, giving rise to a double or caly- 
culate calyx 

Calyptra, the outer covering of the sporangium 
of Mosses. 

Calyx, the outer envelope of the flower; when 
there is only one envelope, it is the calyx, 
Cambium, mucilaginous cells, between the bark 
and the young wood, or surrounding the vessels 
Campanulatk, shaped like a bell, as the flower 
of Hare-bell 

Campulitropai, or Campylotropal, a curved 
ovule with the hilurn, nucropyle, and chalaza 
near each other 

Canaliculate, channelled, having a longitudi- 
nal groove or furrow. 

Cancbllate, latticed, composed of veins alone. 
Capillary, fihtoim, thread-like or ban -like. 
Capitate, pin-like, having a loumled summit, 
us some hairs 

Capitulum, heud of flowers m Composite 
Caprkolatf., having tendrils. 

Caprification, the ripening of the Fig, by means 
of the wild iig or Capntieus. 

Capsula CibcumscMssa, same as Pyxis or Pyxi- 
i itum 

Catsulk, a dry seed-vessel, opening by valves, 
teeth, pores, or a lid 

Carina, keel, the two partially united lower 
petals of papilionaceous dowers 
Cahinal, apphed to aestivation when the ciirma 
embraces the othpT parts of the flower 
Carnosb, fleshy, applied to albumen having a 
fleshy consistence. 

Carpel or Carpidium, the leaf forming the 
pistil Several carpels may enter into the 
composition of one pistil. 

Carpology, the ptudy of fruits. 

Carpophore, a stalk bearing the pistil, ami 
raising it above the whorl of the stamens, as in 
Lychnis and Capparis 

Carpos, fruit, in composition Carpo. * 

Carunccla, a fleshy or thickened appendage m 
the seed. 

Caryopsis or Cariopms, the monospermal sced- 


Bu lb, an underground bud covered with scales. vessel of Grasses, the pericarp being incorpo- 
Bulbil or Bulbi rt, separable buds in the axil rated with the seed 
of leaves, as in some Lilies. Cassideous, shaped like a helmet, 

Bulbous-based, applied to hairs which arp tu- Catkin, same as Amentum 
iird at the base i Caudate, having a tail or feathery appendage 
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CAt3i>K* the stem of Palmi and of Tree-ferns. 
Caudsqu, Caudicula, the process supporting 
a potten-mags 1 a Orchids. 

Caui^scent, haring an evident stem, 

Cauuole, Cauliculus, a stalk connecting the 
axis of the earbryo and the cotyledons. 
Caulis, an aerial stem. 

Cellulose, the chemical substance of which 
the .cell- wall is composed, 

Centimetbx, a Frt»&r’ measure, equal to 
0.3837079 British inch. 

Centrifugal, applied to that kind of inflo- 
rescence in which the central flower opens 
first. 

Centripetal, apnln d to that kind of inflores- 
cence in which the flowers at the circumference 
or base open first. 

Ceramidljjm, an ovate conceptacle having a 
ternm^d opening, and with a tuft of spores 
arising from the base , se<n in Algee 
Cbbatium, a siliqureform cwpsule in which the 
lobes of the stigma ate alternate wiih the pla- 
centa, as m Glaucium. 

Cereal, applied to Wheat, Oats, Barley, and 
other grams, * 

CernuouB, pendulous, nodding. 

Chalaza, the place where the nourishing vessels 
enter the nucleus of the ovule. 

Chlamys, covering, applied to the floral envelope, 
in composition Oklamydeous. 

Chlorophyll, the green colouring matter of 
leaves. 

Chloros, green, 111 composition Chloro. 
Chorisis or ChorizaTion, separation of a 
lamina from one part of an organ so as to form 
n scale or a doubling of the organ ; it may be 
either tr.msvcrse or collateral 
Chroma, colour, m composition Chrom. 
Chuomogen and Chromule, the colounng mat- 
ter of flowers. 

Chrybos mcanB yellow like gold, in composition 
Vhryso. 

OiCATRicuLA the scar left after the falling of a 
Jcaf , also appl ed to thehiluni or base of the 
seed. 

Cilia (Cihum), short stiff hairs fringing the mar- 
gin of a leaf ; also delicate vibratile liau s of 
zoospores. 

Cinjbnchyma, laticiferons tissue, formed by 
auastomosinsr vessels 

Clrcinate, rolled up like a crozicr, as the young 
fronds of Ferns 

Circttmscissile, cut round m a circular man- 
ner, such as '-mi-vr— o'- . m v nr by ahd 
ClRCUMaCHIITn N.t '. 1 i- I./i-'V < r iuaigin of a 
leaf. 

CniRHtrs, a tendril, or modifit d leaf in the form 
ot a twining process 

Clauenohyma, tissue composed of branching 
cells. 

Lados, a branch, in composition dado 
lathratub, latticed like a grating 
ClAyate, club-shaped, becoming gradually tlm k- 
er towards the top. 

Claw, the narrow base of Borne petals, corre- 
sponding to the petiole of leaves 
Cleft, divided to about the middle 
Clinandrium, the part of the column of Orchids 
bearing the anther. 


Clinanthiuk, the eonrmon receptacle of the 
■flowers of Compostoe. 

Cline, a bed, in composition £7/w, used in re- 
ference to parts on which the floral organs arc 
inserted. 

Cloves, applied to young bulbs, as in ihe 
Onion. 

Clypeate, having the shape of a buckler, 

Cqccipium, a rounded conceptacle in Algae 
without pores, and containing a tttft "of 
spores. 

Coccus and Cocoum, applied to the portions 
composing the dry elastic fruit of IJuplior- 
biace®. 

Cochlear, a kind of aestivation, in which a 
helmet-shaped part covers ail the othd*intbe 
bud. 

Cochleariform, shaped like a spoon. 

Coleorhiza, a sheath covering the radicles of a 
monocotyledonous embryo. 

Collateral, placed side by side, as in the case 
of some ovules. 

Collenchyma, the inter-cellular substance which 
umteR cells 

Collum, neck, the part where the plumule and 
radicle of the fcrubryo unite. 

Colpenchyma, tissue composed of wavy or 
sinuous cells 

j Columella, central column in the sporangi 
of Mosses, also applitd to the carpophore of 
Um belli form 

Column, a pan in the flower of an Orchid sup- 
porting the anthers and stigma, mid formed by 
the union of the styles and filaments. 

Coma, applied variously, to tufts of hairs, to 
bracts occurring beyond the inflorescence, 
and to the general anangernent of the leuf- 
heanng brunches of a tree, &.e. 

Commissure, union of the faces of the two 
uchenes 111 the fruit of Urtibellifersp. 

Comose, furnished with hairs, as the seeds of the 
Willow 

Compound, composed of several pints, as a lent 
formed by several separate leaflets, or a pistil 
formed by several curpels either separate or 
combined 

Compressed, flattened laterally or lengthwise 

Conceptacle, a hollow sac containing a tutt 01 
cluster ol spores 

Conducting Tissue, applied to the loose cellular 

* tissue m the intci lor of the canal of the styk 

Conduplicate, folded upon itself, applied to 
leaveB and cotyledons 

Cone, a dry multiple fruit, formed by hi arts 
covering naked seeds 

Conencuyma, conical cells, ns hairs. 0 

Confervoid, formed of a single row of cells, or 
having articulations like a Conferva. 

Confluent, whin parts upite together in tin 
progi ess of growth. 

Conjugation, union of two cells, so as to de- 
velope a snore 

Connate, wnen parto are united even in the cm I 1 
state of developnTOit, applied to twq Ifcavts 
united by their bases. 

Connective, the part which connects the ae- 
ther lobes 

Connivent, when two orgins, as petals, arch 
over so as to meet above. 
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^hgi parti ia a bud are iinbri- 
and regularly t wisted ia one direction 
Convolute or CoNvoLfltxva, when m leaf la the 
bnd is rolled upon itself. 

Coralline, like Coral, at the root of Corail or- 
hixa. 

Corculum, a name for the embryo. 

Coao, the process which attaches the seed to the 
placenta. 

Cordate, heart-shaped, a plane body with the 
division or broad part ot the heart next the 
stalk or stem. 

Cokdiform, a solid body having the shape of a 
heart 

Coriaceous, having a leathery consistence. 
Corm, thickened underground stem, as in the 
Colchicum and Arum. 

CoRMOOEN.fi, having a com or stem. 

Cornu, a horn ; Comeow, having the consistence 
of horn; Btcornis or Bicomute, having ftvo 
horns. 

Corolla, the inner envelope of the flower. 
Corolli florae, Gamopetalous Exogens, with 
liypogynous stamens. 

Corona, a corolline appendage, as the crown of 
the Daffodil. 

Corrugated, wrinkled or shrivelled . 

Cortex, the bark, Cortical , belonging to the 
bark , Corticated , having a bark 
Cortina, the remains of the veil which continue 
attached to ilie edges of the pileus in Agarics. 
Corymb, u raceme m which the lower stalks are 
longest, and all the flowers come nearly to a 
level above , Corymbtferous or Cot'ymbose, bear- 
ing n corymb, or in the form of a corymb. 
Costa, a rib, applied to the prominent bundles 
of vessels in the leaves , Coitalr, provided with 
ribs, 

Cotyledon, the temporal y leaf or lobe of the 
embiyo 

Crampons, a name enen to adventitious roots 
which serve as lulcra or supports, as in the 

by. 

Cremocadf, the fruit of Umbcllifcrte, composed 
of two separable achenes or meiiearps 
Crenate, having supeificml rounded marginal 
divisions 

Cnr natures, divisions of the margin of a cre- 
nate leaf. 

Crest, an appendage to fruits or seeds, having 
the form of a crest. 

Crisp, having an undulated margin * 

Crown op the Root, the short stein which is at 
the upper part ot the root of perennial herbs 
Cruciform and Cruciate, arranged like the 
• parts of a cross, as flowers of Cmcifenc. 
Crustaceous, hard, thin, and brittle, applied 
to those Lichens which are hard and expanded 
like a crust. 

Crytogamous, organs of reproduction obscure 
( ’RYPT 08 , inconspicuous or concealed, in compo- 
sition Crypto. 

Cuoullate, formed like a hood 
( ’ulm, stem or stalk of glasses. 

Cuneiform or Cuneate, Bhapcd like a wedge 
standing upon its point. 

(Hipula, the cup of the acorn, formed by aggre- 
gated bracts ' " 

Curvfmbryeas, with the embryo curved. 


Cuspis, a long point large at the base, tad gra- 
dually attenuated ; Cuspidate, prolonged into a 
cuspifl, abruptly acuminate. 

Cuticle, the thin layer that covers the epider- 
mis, 

CyathiForm, like a wine-glass ; concave, in the 
form of a reversed cone. 

Cyclogens, applied to Dicotyledons with con- 
centric woody ci|5$ej. 

Cyclosis, movement of the latex in latidferous 
vessels. 

Cyxindrenchyma, tissue composed of cylindri- 
cal cells 

Cymbiform, shaped like a boat. 

Cyme, a kind of definite inflorescence, in which 
the ftoyers are in racemes, corymbs, or umbels, 
the successive central flowers expanding first , 
Cyntose, inflorescencp in the form of a cyme. 
Cypsela, monospernml fruit of Composite. 
Cystidia, sacB containing Bpores ; a kind of fruc- 
tification in I'ungi 
Cytoblast, the nucleus of a cell, 

Cytoblastema, mucilaginous formative matter 
of cells, called also F lotoplusm. 

Cytogenesib, cell-development. 

Cytob, a cell, in composition Cyto 

Daedalenchyma, entangled cells 
Deca, ten, in Greek wordB, same os the Latin 
Decern ; as decandrous , having ten stamens , 
i lecaffi/nou>. hnving ten styles. 

Deciduous, falling off after performing its func- 
tions for a limited time, as calyx of Ranunculus 
Deciduous Trees, which lose their leaves an- 
nually. 

Decimetre, the tenth part of a metre or ten cen- 
timetres 

Declinate or Declining, directed downwards 
from its base, applied to stamens of Amaryllis. 
Decompound, a leaf cut into numerous com- 
pound divisions 

Decorticated, deprived of bark. 

Decumbent, lying flat along the ground, and 
rising trora it at the apex 
Decurrent, leaves winch are attached along 
the side of a stem below their point of inser- 
tion. Such stems are often called Wint/cd 
Decussate, opposite leaves eiossmg each other 
m pairs at right angles. 

Deduplication, same as Chorisis. # 

Definite, applied to inflorescence when it ends 
in a single flower, and the expansion of the 
flower is centrifugal , also when the number 
of the parts of an organ is limited, as wlnn 
the stamens are under twenty 
Deflexed, bent downwaids in a continuous 
curve. 

Defoliation, the fall of the leaves. 
Degeneration, wIicd an organ is changed from 
its usual appeal mice and becomes less highly 
developed, as when scales take the place of 
leaves. 

Dehiscence, mode of opening of an organ, as of 
the seed-vessel and anther 
Deltoid, like the Greek A in form, properly 
applied solely to describe the transverse section 
of solidB 

Dentate, toothed, having short triangular an u 
cions of the margin The term is afto applied 
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to tht superficial divisions of a gamosepahms 
calyx and a gamopetalous corolla. 

DfiNTitTOTiiOT^ely-tootlied, having Binall tooth- 
'll jus projection* along the margin. 

Depressed, flattening of a solid organ from 
above downwards. 

Determinate, applied to definite or cymose in- 
florescence. 

Dextrorse, directed towards the right. 

DiacH4Enium, same as "Crmocarp, fruit com- 
posed of two achenes, 

Diachyma, the parenchyma of the leaf. 

Diadslphocs, stamens m two bandies, united 
by their til amenta, 

Dlalycarpous, pistil or fruit composed of dis- 
tinct (separate) carpels. 

Dialypetalous, corolla composed of separate 
petals. 

Dialysepalous or Dialyphyllous, calyx com- 
posed of separate sepals. 

DiCHLAMYDEOua, having calyx and corolla 

Dichotomous, stem dividing by twos. 

Diclinous, unisexual flowers, either monoecious 
or dioecious. 

Dicotyledonous, embryo having two cotyledons. 

Diotyoqenoub, applied to monocotyledons hav- 
ing netted veins. 

Diovmous, twice, union of two similar organs 

Pidynamous, two long and two short stamens 

Digitate, compound loaf composed of several 
leaflets attached to one point. 

Digtnous, having two styles 

Di lamination, same as Deduplication and Cha- 
rms. 

Dimerous, composed of two pieces. 

Dimidiate, split into two on one side, as the 
calyptra of some Mosbcs 

Dimorphous, when similar parts of a plant | 
assume different forms. 

1 Uceoious, stanuniierousand pistilliferous flowers 
on separate plants. 

Diplecolobeae, cotyledons twice folded trans- 
versely. 

Diplooh, double, m composition Dtplo. 

DrPLOPERiSTOMi, Mosses with a double pen- 
stome. 

Diplostemonous, stamens double the number 
of the petals or sepals 

Dipterous, having two wings i 

^Dis, twice m composition, Di, same as Latin Bis I 
or J3i , as dtsepaluus, having two sepals, disper- [ 
toons, two seeded. 

Disciform and Discoid, in the form of a disc 
or flattened sphere, discoid pith, divided into j 
cavities by discs : 

Discoid, alto applied to the flosculous or tubular 1 
flowers of Composite. 

Discs, the peculiar rounded and dotted markings 
on coniferous wood. 

Dime., a part intervening between the stamens 
and the pistil iu the form of scales, a ring, etc. 

Disfermous, having two seeds. 

Dissected, cut into a number of narrow divi- 1 
sions. I 

Dissepiment, a division ni the ovary , true, when 1 
formed by edges of the carpels'; false, when I 
formed otherwise. 

Diusilient, applied to fruit which bursts in an 
elastic manner. 


DisncHouvin twoiwrt, on oppoaite aides of a 
stem. ^ * 

Distraotilb, separating two parts to a distance 
from each other. 

Dithecal, having two loculamcnts. 

Divaricating, branches coming off from the 
stem at a very wide or obtuse angle. 

DoDeca, twelve ; in Latin Dnodtcim. 

Dodecagynous, having twelve pistils. 

Dodecandrous, having twelve stamens. 

Dolabriform, shaped like an axe. 

Dorsal, applied to the suture of the carpel wliich 
is farthest from the axis. 

Dorsiferous, Ferns bearing fructification on 
the back of therr fronds. 

Dorsum, the back, the part of the carpel which 

is farthest from the axis 

Double Flower, when the organs of reproduc- 
tion are converted into petals. 

Drupe, a fleshy fruit like the Cherry, having a 
stony endocarp Drupels, small drapes aggre- 
gated to form a fruit, as in the Raspberry. 

Dumose, having a low shrubby aspect. 

Duramen, heart wood of Dicotyledonous trees. 

Dynamic, power, in composition means supe- 
riority in length , as didynamous, two stamens 
longer than two others. 

E or Ex, in composition corresponds to alpha, pri- 
vative; as ebraetealed, without bracts, craristnte, 
without awns ; edentate, without teeth ; e costate, 
without ribs. 

Elatekb, spiral fibres in the spore-cases of He- 
paticte 

Elliptical, having the form of an ellipse. 

Emarginate, with a superficial portion taken 
out of the end 

Embryo, the young plant contained iu the seed. 

Embryo-buds, nodules in the bark of the Beech 
and other trees. 

Embryogeny, the development of the embryo m 
the ovule. 

Embryology, the study of the formation of the 
embryo. 

Embryo-sac or Embryonary-hac, the cellular 
hag in which the embryo is formed. 

Embryo feoa, a process raised from the spermo- 
derm by the embryo of some seeds during ger- 
mination, as m the Bean. 

Enpeoa, m Greek, eleven , m Latin, undecitn 

Endecagynous, having eleven pistils 

Endeoandrous, having eleven stamens. 

Endocarp, the inner layer of the pericarp next 
the Beed 

Endochrome, the colouring matter of cellular 
plants. w 

EndoOen, an inside grower, having an endoge- 
nous stem 

Endon, within or inwards, in Composition 
Endo 

Endophlosum, the inner bark or liber. 

Endopleura, the inner covering of the seed. 

Endorhizal, uumerous rootlets, arising fr&n a 
common radicle, and passing through sheaths 
as in endogenous germination 

Endosmose, movement of fluids inwards, through 
a membrane. t 

Endosperm, albumen formed within the embryo- 
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Bndospoboot, fungi lUKi»6 tk* •P 0 ®’ «“>■ 
tamed in a case. * 

Endostome* tha inner fontfUfi* of the ovnle. 
Endothecium, the inner coat of the anther. 
Enkrvis, without v ®ins. 

Ennea, nine ; in Latin Notcm, 

Fnneaoynous, haying nine pistils. 
Enneandrous, haring nine stamens. 

Ensiform, in the fonnnf ft sword, as tlie leaves 

Entire** (integer, without marginal divisions , 
, lytegemmtu), without either lobes or mat girrnl 
divisions. , , 

Envelopes, Floral, the calyx and corolla. 

Evi, upon, iu composition, means on the outside 
or above, as tpicarc, the outer covering of the 
fruit j epigynons, above the ovary. 

Epiqalyx, outer calyx, formed either of sep.ila 
or bracts, as in Mallow and Potentilia. 
Epicarp, the outd* covering of the fruit 
Epiohilium, the label or terminal portion of the 
strangulated or articulated lip (labellum) of 
Orchids. 

Fpicorollinf., msertedmpon the corolla. 
Epidermis, the cellular layer covering the ex- 
ternal surface of plantB. 

Epigeal, above ground, applied to cotyledons. 
Epigone, the cellular layer which covere the 
young sporangium in Mosses and Hepatic®. 
Epigynotjs, above the ovary by adhesion to it. 
Epipexalous, inserted upon the petals. 
Kpiphragm, the membrane closing the oriliee of 
the thee® of some Mosses. 

Epiphyllous, growing upou a leaf 
Epiphyte attached to another plant, and grow- 
ing suspended m the air 

Eitrrheology, the influence of external agents 
on Jiving plants. 

Episperm, the external covering of the seed 
Etispork, the outer covering of some spores. 
Egujtant, applied to leaves folded longitudi- 
nally, and overlapping euch other without any 
involution. 

Erect, applied to an ovule which rises from the 
base oi the ovary , also applied to innate 
anthers. 

Erobe, irregularly toothed, as if gnawed, 

E hum pent, prominent, as if bursting through 
the epidermis, as seen in some tetrasporcs 
Et^erio, the aggregate drupes forming the fruit 
of Rubus 

Etiolation, blanching, losing colourm the dark 
Exalbuminoub, without a separate store of al- 
bumen or pensperm. 

Exannclate, without a ring, applied to some 
Ferns. 

Ejtoentrio, removed from the centre or axis ; 

applied to a lateral embryo 
Kxcipuluh, a receptacle containing fructification 
in lichens. 

Excurrent, running out beyond the edge or 
point. 

Exintine, one of the inner coverings of the pol- 
len-grain. 

Exo, m composition, on the outside 
Kxogen, outside grower, same as Dicotyledon 
Exorhizal, radicle proceeding directly from 
the axis, and afterwards branching, as on 
Exogens. 


EsoeMoaE the* passing ofcftrtttri* of 

through a membrane. , - l > 

Exosporous. Fungi having naked updfcafe 4 
Exostome, the outer opening of the foramen of 
the ovule. 

Exotiiecium. the outer coat of the amber. 
Exse$ted, extending beyond an organ, as sta- 
mens beyond the corolla. 

Exstipulate, without stipules. 

Extine, the outer covering of tlm pollen-grain. 
Extra- axillary, removed fiom the axil of the 
leaf, as m the case of some buds. 

Extrorse, applied to anthers which dehisce un 
the side farthest removed from the pistil. 
Exuttve, applied by Miers to seeds w anting the 
usual integumentary covering, as m Ulacacc®. 

Falcate or Falciform, bent like a sickle. 
Farinaceous, mealy, containing much starch. 
Fasciation, union of branches of stems, so $* 
to present a flattened riband-like form. 
Fascicle, a shortened umbellate cyme, as in 
some species of Diauthus. 

Fastigiate, having a pyramidal form, from the 
branches being parallel and erect, as 1 ombardy 
Foplar. 

Fa vella, a kind of concept^ cle in Alg® 
Favellidia, spherical masses of sports usually 
contained m sacs called capsules. 
Feather-veined, a leaf having the veins pass- 
ing from the midrib at a more or less acute 
angle, and extending to the margin 
Fenestrate, applied to a repjum or leaf with 
openings in it, compared to windows. 

Fertile, applied to pistillate flowers , and to the 
truit-Oearing frond of Ferns 
Fibro-oklt.ui.ar tissue, composed of Spiral cells. 
Fibrous, composed ot numerous fibres, as some 
roots ' 

Fibro-vakcular tissue, composed of vessels 
containing spiral and other fibres. 

Fid, in composition, cleft, cut dow n to about the 
middle 

Filament, stalk supporting the anther, 
Filamkntoub, a string ot cells placed end to 
end. 

Filiform, like a thread 
Fimbriated, fringed at the margin 
Fi ssi faro us, dividing spontaneously into two 
parts, by means of a Beptniu 
Fissure, a straight Blit in an organ for the dis- 
charge of Us contents. 

Fistulous, hollow, like the stem of Grasses. 
Flabelliform, fan-shaped, as the leaves of some 
Fulms 

Flagellum, a runner, a weak, creeping #t«n 
bearing rooting buds at different points, as m 
the Stiawberry, 

Flexuose or Flexuoub, having alternate mira- 
tions in opposite directions , hunt m a zig-xag 
manner 

Flocci, woolly filaments with Bporules in Fungi 
and Alg© 

Floccose, covered with wool like tufts. 

Floral Envelopes, the calyx and corolla. 
Flosoulour, the tubular florets of Composite. 
Fouation, the development of leaves. 

Fouola, same as PkyiU and tiepnla. 

Follicle, u fruit formed by a single carpel, de- 
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hiidog by one rotate, which is usually the 

INror^Fnencb, equal to l.’OfSCf foot British. 

For toms, the opening in the covering* of the 
ovale. 1 

Foveate or Foveolate, having pita or depres- 
sions called fovete or foveohB. 

Fovtlla, minute granular matter in the pollen- 
grain. 

Frond, the leaf-like organ of Femi hearing the 
fructification ; also applied to the thallus of 
many Cryptogaraics. 

Fbondose,* applied to Cryptogams with folia- 
ceous or leaf-like expansions. 

Frustuleb, the parts or fragments into which 
Diatomaoew separate. 

Frutex, a Arab t jFVvftcow, shrubby. 
Fpoaoioub, evanescent, falling off eai ly, as the 
petals of Cistus. 

Fulvous, tawny-yellow. 

Funiculus, the umbilical cord connecting the 
fcQum of the ovule to the placenta. 

Furcate, divided into two brunches, like a two- 
pronged fork. 

Furfuraceoub, scurfy or scaly. 

Fusiform, shaped like a spindle. 

Oalbulus, the polygynoecial succulent fruit of 
Juniper. 

Galea, applied to a sepal or petal Bbaped like a 
helmet ; the part ia called Galenic 
Gamo, in composition, means union of parts. 
GaMOPEtalous, same as Monopetalous , petals 
united. 

Gamofhyllous and Gamosepalous. same as 
Mtmophyll>tis and Monosepnlous, sepals united. 
Geminate, twin organa combined iu pairs, same 
as Binatc. 

Gemma, a lenf-bud ; Gemmation , the develop- 
ment of leaf-buds 
Gemmiferous, bearing buds. 

GemmTparoub, reproduction by buds. 

GkmmULE, Bame as Plumule , the first bud of the 
embryo. 

Geniculate, bent like a knee 
Germen, a name for the ovary, 

Germinal Vebjcie, a cell contained in the em- 
bryo sae. from which the embryo is developed 
Germination, the sprouting of the young plant 
Gibbosity, a swelling at the base of an organ, 
such as the calyx or corolla. 

Gibbous, sw ollen attbebuse, or having a distinct 
swelling at some part of the surface 
Glabrous, smooth, without hairB 
Gland, an organ of sanction consisting of cells, 
and generally occm ring on the epidermis of 
plants. 

Glandular Hairs, lmirs tipped with a gland, 
as in Prosei a and Chinese Primrose 
Qlans, nut, applied to the Acum and llazd-nut, 
which are enclosed in bracts. 

Glaucous, eovered with apnle-green bloom. 
Globule, male organ of Clmra 
Gloobidiate, barbed, applied to hairs with two 
reflexrd points at their summit 
Glomerulus, a rounded, cynose inflorescence, 
as in Urtiea. 

Glossology, explanation of technical terms 
Gi UWaoeouh, of the nature of glumes 


Glume, a bract covering the organs of reproduc- 
tion in the spikelets of Grasses, which arc 
hence called Ghtmtferouj. 

Glumelle and GluMellule, a name applied to 
tiie palea or pale of & Grass* 

Gonidia, green geminating cells m the thallus 
of Lichens. 

Gonus or Gonum, in composition, means either 
kneed or angled ; m the former ease the 0 n. 
short, in the latter long, Polygonum, manj 
•kneed ; Ttiragonum, four-angled. 

Grain, caryopsls, the fruit of Cereal Grasses. 
Grains of pollen, minute cells composing the 
pollen. 

Granules, minute bodies and varying greath 
in sire, having a distinct external shadowed 
ring or margin, the external edge of which n 
abrupt. 

Granulated, composed of granules. 

Grumoub, collected into granular masses 
Gymnooen, a plant with naked seeds, *. e., seeds 
not in a true ovary. 

Gymnos, naked, in composition Gymno. 
'"rYMNOHPERMOUS, plants with naked seeds, t.e , 
seeds not in a true ovary, as Conifers 
GymnospohE, a naked spore; Gymnosporous , 
bavin g naked spores 

Gymnostoml, naked mouthed, Mosses without a 
penstome. 

Gynandkous, stamen and pistil united in a com- 
mon column, as in ( )rehias. 

Gyne, female, and Gyn, Gynous, and Gyno 
in composition, refer to the pistil or the ovary 
Gynizus, the position of the Btigina on tile 
column of Orchids 

Gynobahe, a central axis to the base of which 
the carpels aie attached. 

Gynceoium, the female organs of the flower. 
Gynophore, a stalk supporting the ovary 
Gynohtemium, column in Orchids bearing the 
organs of repioduclion 
Gyrate, same as l iranate 
Gyration, same as Rotation in eells 

Habit of a plant, its gcner.ir external appear- 
ance 

Haldpiiytes, plants of salt-marshes, containing 
salts of soda m their composition 
Hastate, halbert-shaped, applied to a leaf with 
two portions at the base projecting more n 
less completely at nght angles to the blade 
Haulm, dead stems ot herbs, as ot the potato 
Haustorium, the sucker at the extremity of the 
parasitic root of Dodder 
Heart-wood, same as Duramen, 

Helicoidai., having a coiled appearance likp Go- 
shell of a snail, applied to inflorescence. 1,1 
Helmet, the upper petaloid sepal of Acomtum 
Hemi, half, Bame as Latin Semi. 

Hemioarp, one of the aclieneB forming the cri - 
mocarp of Umbelliferm. 
nEPTA, seven ; Bame as Latin Srptem. 
Heptaoynous, having seven styles. 
Heptandrous, having seven stameps. 

Herb, a plant w ith an annual stem, opposed to 1 
woody plant. 

Herbaceous, green succulent plants which die 
down to the ground m wtnter; annual shoott, 
green-coloured cellular parts. 



GLOSSARY. 673 


Hermaphroditoi, stamens aad plffcfl in the same 

Hesperldium, tbs fruit of &e Orange, and other 
Aurantiacem. , A . , 

Heterocephalous, Composite plants having 
male and female capitula on the same plant. 

Heterocysts, peculiar cel la forming large gems 
in Kostochmese. 

Heterodromoub, running in different directions. 

Heterogamous, Composite plants having her- 
maphrodite and unisexual flowers on the same 
head. 

Heterophyllous, presenting two different 
forms of leaves. 

Heterorhizal, rootlets proceeding from various 
point* of a spore during germination. 

Heteros, dissimilar or diverse, in composition 
Hctero. 

Heteiiotropal, ovule with the lnlum in the mid- 
dle, and the foramen and chalaza at opposite 
ends. 8 

Hex a, six , same as Latin ?cx. 

Hexaoynotjb, having six Btyles. 

Hexandrous, having six stamens. 

Hilum, the base of the seed to which the pla- 
centa is attached either directly or by meanB 
of a cord. The term is also applied to the mark 
at one end of some grains of starch. 

Hirsute, covered with long stiff hairs 

Hispid, covered with long very harsh hairs. 

Histology, the study of microscopic tissues. 

Holoskriceoub, covered with minute silky 
hairs, discovered better by the touch than by 
sight. 

Hohodromous, running in the same direction. 

Homoqamous, Composite plants having the 
flowers of the capitula all hermaphrodite 

Homogeneous, having a uniform structure or 
substance 

Homos and Homoios, similar, in composition 
Homo. 

Homotropal, when the slightly curved embryo 
has the same general direction as the seed. 

Horological, flowers opening and closing at 
certain hours. 

Humifuse, spreading along the ground. 

Hyaline, transparent or colourless, applied by 
Harry to the part wherr the cell-nucleus 
appears. r 

HyTjrid, a plant resulting from the fecundation 
of one species by another. 

Hymenium, the part which beam the fructifica- 
tion in Agarics. 

Hypanthodium, the receptacle of Dorstenia, 
bearing many flowers. 

Hyphasma, a web-like tballus of Agancs. 

Hreo, under or below, in composition Hyp. 

Hypocarpooean, plants producing their fruit 
below ground. 

Hypoohilium, the lower part of the labellum 
of Orchids 

Hypocrateriform, shaped like a salver, as the 
corolla of Primula. 

Hypogeal or Hypogeous, under the surface of 
the soil, applied to cotyledons. 

Hypogynotjs, inserted below the ovary or pistil 

Hypothallus, the mycelium of certain Ento- 
phytic Fungi as Uredines. 

Hypso metrical, measurement of altitude. 

2 


Hybteranthotts, when leave# expand after the 
flowers have opened. 

Icosandria, having twenty stamens or more 
inserted on the calyx; Icoemndrout, having 
twenty stamens. 

Icoei, twenty ; in composition leos. Same as 

Latin Viymti. 

Imbricate or Imbricated, parts overlying each 
other like tiles on afcxsuse. Imbricated animation, 
the parts of the flower-bud alternately over- 
lapping each other and arranged in a spiral 
manner. 

Impari-pinnate, unequally-pinnate, pinnate lea 1 
ending in an odd leaflet 

Inarching, a mode of grafting by bending, twe 
growing plants towards each other, and caus- 
ing a branch of the one to unite to the other. 

Inarticulate, without joints or interruption to 
continuity. 

Inch, French, is equal to 1.06678 inch British. 

Incised, cut down deeply. 

Included, applied to the stamens when enclosed 
within the corolla, and not pushed out beyond 
its tube. 

Incumbent, cotyledons with the radicle on their 
back. 

Indefinite, applied to inflorescence with centri- 
petal expansion ; also to stamens above twenty, 
and to ovules and seeds when very numerous. 

Indehiscent, not opening; haying no regular line 
of suture. 

Indeterminate, applied to indefinite inflores- 
cence. 

Indigenous, an aboriginal native in a country. - 

Induplicate or Induplicative, edges of the 
sepals or petals turned slightly inward* m 

aestivation 

Indubium, epidermal covering of the fructifica- 
tion in some Ferns. 

Induttve, applied by Miers to seeds having the 
usual integumentary covering. 

Inermts, unarmed, without pnckles or thorns. 

Inferior, applied to the ovary when it seems to 
be situatea below the calyx ; and to the part of 
a flower farthest from the axis. 

Inflorescence, the mode in which the flowers 
are arranged on the axis. 

Infundibuliform, in shape like a funnel , as 
seen in some gamopetalous corollas. 

Innate, applied to anthers w r hen attached to the 
top of the filament. 

Innovations, buds in Mosses. 

Intercellular Space, same as lacuna 

Interfoliar, between two opposite leaves. 

Internode, the portion of the stem between two 
nodes or leaf-buds. 

Interpetiolar, between the petioles of opposite 
leaves, as the stipules of Cinchona. 

Interruptedly- pinnate, a pinnate leaf in 
which pairs of Bmall pinn» occur between the 
larger pairs. 

Intextine, one of the inner coverings of the pol- 
len-grain. 

Intine, the inner covering of the pollen-gram, 

Introrse, applied to anthers which open on tot 
side next tne pistil. 

Involucel, bracts surrounding the partial umbel 
of Umbelhferffi. 

G 
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I nvolucrr, bracts surrounding the general 
umbel# UmbelUferm, the heals of flowers in 
Cowp6ffltie, and in general any vertimllate 
bracts surrounding numerous flowers. It is 
also used in the same sense as the Indusium 
of Ferns. 

Involute or Involuttve, edges of leaves rolled 
inwards spirally on each side, m {estivation. 

Irregular, a flower in which the parts of any 
of the verticils differ in size, 

IsOCHEIMAL or ISOOHEIMONAL, llBCS p&SSlIlg 
through places which have the same mean 
winter temperature. 

Isomeric, applied chemically to substances 
which, though differing m qualities, have the 
same elements in the same proportions. 

Isomerous, when the organs of a flower are 
composed each of an equal number of parts. 

Isos, equal, m composition Iso. 

IsosteiJonous, when stamens and floral enve- 
lopes have the same' number of parts or mul- 
tiples. 

Isotheral, lines passing through places winch 
have the same mean summer temperature. 

Isothermal, lines passing through places which 
have the same mean annual temperature. 

Juga, n name given to the ribs on the fruit of 
U mbellifeno 

Jugum, a pair of leaflets ; jugate, applied to the 
pairs of leaflets in compound leaves , un jugate, 
one pair, byugatc, two pairs, and so on. 

Keel, same as Carina. 

Knotted, when a cylindrical stem is swollen at 
intervals into fcnobB. 

Label, the terminal division of the lip of the 
flower in Orchids. 

Labellum, lip, one of the divisions of the inner 
whorl of the flower of Orchids. This part is 
ill reality superior, but becomes inferior by the 
twisting of tne ovary. 

Labiate, lipped, applied to irregular ganio- 
petalous flowers, with an upper and under 
portion separated more or less by a hiatus or 
gap. 

Laciniated, irregularly cut into narrow seg- 
ments. 

Lacinula, the small indexed point of the petals 
of Umbelliferre. 

Lactescent, yielding milky juice. 

Laguna, a large space m the midst of a group 
of cells. 

Levigatus, having a smooth polished appear- 
ance. 

L/Evis, even. 

Lamella, gills of an Agaric, also applied to flat 
divisions of the stigma 

Lamina, the blade of the leaf, the broad part of 
a petal or sepal 

Lanceolate, narrowly elliptical, tapering to each 
end. 

Lanuginous, woolly, covered with long flexuous 
interlaced hairs. 

Lateral, arising from the side of the axis, not 
terminul. 

Latex, granular fluid contained in latitiferous 
vessels. 


Laticiferoch, vessels containing latex, which 
anastomose. 

Latisepha, Cruciferous plants having a broad 
replmn in their silicula. 

Legume, a pod composed of one carpel, opening 
usually by ventral and dorsal suture, as m Pea. 

Lenttcel, a small process on the bark of the 
Willow and other plants, whence adventitious 
roots prooeed. 

Lenticular, in the form of a doubly- convev 
lens. 

Lepidotb, covered with scales or scurf ; Lepis, a 
scale. 

Lianas or Lianes, twining woody plants. 

Liber, the fibrous inDer bark or endophkBum. 

Liekerkuhn, a metallic mirror attached to the 
objective of a microscope for the purpose of 
throwing down light on opaque objects. 

Lignine, woody matter which thickens the cell- 
walla 

Ligulate, Itrap-Bhaped florets, as m Dande- 
lion * 

Ligule, a process arising from the petiole of 
grasses where it joins the blade. 

Lioulifloile, Composite plants having ligulate 
florets 

Limb, the blade of the leaf; the broad part of a 
petal or sepal ; when sepals or petals are united, 
the combined broad parts are denominated col- 
lectively the limb. 

Line, the 12th part of an inch; Line, French, ih 
equal to 0 088815 inch British. 

Linear, very narrow leaves, in wlneli the length 
exceeds greatly the breadth. 

Lirella, sessile linear apothecium of Lichens. 

Lobe, large division of a leaf or any other 
organ, applied often to the divisions of the 
anther. 

Loculigidal, fruit dehiscing through the back 
of the carpels. 

Loculus or Loculament, a cavity in an ovary, 
which is called unilocular when it has one 
cavity, bilocular with two, and so on. The 
terms ore also applied to the anther. 

Loctjbta, a spikelet of grasses formed of one or 
several flowers. 

Lodicule, a scale at the base of the ovary of 
Grasses. 

Lomentum and Lomentaceous, applied to a 
legume or pod with transverse partitions, each 
division containing one seed. 

Lunate, cresomt-shaped. 

Lyrate, a pmnatifid leaf with a large terminal 
lobe, and smaller ones as we approach th* 
petiole 

Macropodous, applied to the thickened null ih 
of a monocotyledonous embryo. 

Macros, large, in composition Macro. 

Malpighi acf.otis Hairs, peltate hairs, such as 
are seen m Malpighis ce®. 

Manicate, applied to scales surrounding a stalk 
like a frill, and easily removed. 

Marcescf.nt, withering, but not falling off until 
the part bearing it is perfected. 

Mabginate, applied to calyx, same as Obsolete 

M asked, same as Per*onate. 

Math, a term -sometimes used for crop ; an agri- 
cultural term. 



QL088AEY. 


mi 


M \ttulla, the fibrous matter covering the pe* 
1 oles of PalmB. 

Medulla, tile cellular pith. 

Medullary Rays or Plates, celhilar prolonga- 
tions uniting the pith and the bark. 

Medullary Sheath, sheath containing spiral 
vessels surrounding tie pith in Exogena. 

Mkiostemonous or Miostemonous, the sta- 
mens less m number than the parts of the 
corolla. 

M embranaceous or Membranous, having the 
consistence, aspect, and structure of a mem- 
brane. 

Meniscus, a len8 having a concave and a convex 
face, with a sharp edge. 

Merenchyma, tissue composed of rounded eellB. 

Meric arp, carpel forming one-half of the fruit of 
Umbellifer®. 

Merithal, a terra used in place of internode ; 
applied by Gaudichaud to the different parts of 
the leaf 

M gsocarp, iriwdle covering of the fruit. 

Mesochiuum, middle portion of the labellum of 
Orchids 

Mesophueum, middle layer of the bark. 

Mesophyi.lum, the parenchyma of the leaf. 

Mesos, the middle, in composition Meso. 

Mesosperm, applied to a covering of the seed 
derived from the sceundine. 

Metre, equal to 39 37079 inches British. 

Mioromki er, instrument tor measuring micro- 
scopic objects. 

Micropyle, the opening or foramen of the seed. 

Micros, small, in composition Micro. 

Millimetre, equal to 0.03937079 English inch, 
or 25 39954 millimetres equal to an English 
inch. 

Mitriform, shaped like a mitre, as the calyptnB 
of some Mosses, 

Molecule, an exceedingly minute body in which 
we cannot discover any determinate external 
circle uor internal centre. 

Munadelphous, stamens united into one bundle 
by union of their filaments. 

Monandroub, having one stamen 

Mi (NEmbhvony, having a single embryo, 

Moniuform, beaded, cells united, with inter- 
ruptions, so as to resemble a string of beads. 

Monocarpic, producing flowers and fruit once 
during life, and then dying. 

Monochlamydeoub, flower having a single en- 
velope, which is the calyx 

Monoclinous, stamens and pistils in the same 
flower. 

Monocotyledonous, having one cotyledon in 
the embryo. 

MoWuoub, stamens and pistils m different 
flowers on the same plant. 

Mois ixiYNCsoi al, applied to simple fruits, formed 
by the pistil of one flower. 

Monooynoub, having one pistil or carpel : also 
applied to plants having one style. 

Monopet alous, same as Gamope talons 

Monophyllous, same as Gatnophyllous. 

Monos, one, in composition Mono and Mon, as 
Monatidrout, one stamen j sometimes applied to 
the union or parts into one, as Monopetalous, 
morning combined petals; same as fatin 
TJnus. 


Monosepalous, same as Gamosepnlous. 
Monospermous or Monospermal, hating a 
single seed. ^ 

Monotheoal, having a single loeulament 
Monstrosity, an abnormal development, applied 
more especially to double flowers. 
Morphology, the study of the forms which the 
different organs assume, and the laws that 
regulate their metamorphoses. 

Mucro, a stiff point abruptly terminating nn 
organ ; Mucronate, having a mucro 
Mucus, definite, peculiar matter forming a cover- 
ing of certain sea-weeds. 

Multioobtate, many-ribbed 
Multifid, applied to a simple leaf divided late- 
rally to about the middle into numerous por- 
tions; when the divisions extend deeper it is 
Multipartite 

Multilooular, having many loculaments. 
Multiple, applied to anthoca r pous or polygv - 
noecial fnma formed by the union of several 
flowers. 

Muricate, covered with firm, Bliort pomts or ex- 
crescences 

Muriform, like bricks in a wall ; applied to cells 
Muboolooy, the study of Mosses. 

Muticus, without auy pointed process or awn. 
Mycelium, the cellular spawn of Fungi 

Naked, applied to seeds not contained in a true 
ovary ; also to flowers without any floral en- 
velopes 

Napiform, shaped like a turnip. 

Naturalised, originally introduced by artificial 
means, hut become apparently wild. 
Navtgular, hollowed like a boat. 
Nectariferous, having a honey-hke secretion , 
applied to petals having depressions or furrows 
at their base, which contain a sweet secretion. 
Nectary, any abnormal part of a flower. It 
ought to be restricted to organs secreting a 
honey-hke matter, as in Crown Imperial, 
Nervation or Neuration, same as Venation. 
Netted, applied to reticulated venation, also 
covered with raised lines disposed like the 
threads of a net. 

Nitidub, having a smooth and polished surface 
Node, the part of the stem from which a leal 
bud proceeds. 

Nodobe, having swollen nodes or articulations. 
Nodulose, applied to roots with thickened knots 
at intervals. 

Nosology, vegetable, the study of the disease^ 
of plantB, 

NoTORHiZEiR, radicle on the back of the cotyle- 
dons, as in some Cruciferm 
Nucleus, the body which gives origin to new 
cells ; also applied to the central cellular por- 
tion of the ovule and seed. 

Nuctulanium, applied to the fruit of the Medlar 
having nuculc6 , some also apply this term to 
the Grape. 

Nucule, hard carpel in the Medlar, also one of 
the parts of fructification in Characcm 
Nuoumentackous, Crucifer® having a dry mo- 
nospermal fruit. 

Nut, properly applied to the glans, but also ap 
plied to any hard nut-Ufce fruit, as m Care* 
and Rumex 
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Ob. m c^pipoct lo a, mean* reversed or contrari* 

* 

OBCoicftBEaBED/ flattened in front and behind, 
not latently, 

Obcordate, inversely heart-shaped, with the 
divisions of the heart at the opposite end from 
the stalk. 

Oblong, about | as long as broad; elliptical, 
obtuse at each end. 

Obovate, reversely ovate, the broad part of the 
egg being uppermost 

Obsolete, imperfectly developed or abortive, 
applied to the calyx when it is in the form of a 
rim 

Obtube, not pointed, with a rounded or blunt 
termination. 

Obvolute, margins of one leaf alternately over- 
lapping those of the leaf opposite to it. 

Ochbea, boot, applied to the sheathing stipule 
of Polygon aCese 

Octandroub, having eight stamens. 

Goto, eight, in composition Oct, 

Octogynous, having eight styles. 

CEcitjm and CEcious, in composition, have refer- 
ence to the position of the reproductive organs, 
as Andraecium, the staminal org:ms; Dioecious, 
stamen and pistil m different flowers. 

Officinal, sold in the shops. 

Offset, same as Propagulum. 

Olkraceoua, used as an esculent potherb. 

Olioandrous, stamens under twenty 

Oligos, few or in small number, m composition 
Oltffo and Olia. 

Omrhalode, the central point, of the hilum 
where the nourishing vessels enttr. 

Oophoridium, organ in Lycopodiace© contain- 
ing large snores. 

Opaque, dull, not shining 

Operculum, lid, applied to the separable part of 
the theca of Mosses , aho applied to the lid of 
certain sced-v easels , Operculate, opening by a 
lid 

Opposite, applied to leaves placed on opposite 
sides of a stem at the same level. 

Orbicular, rounded leaf with petiole attached to 
the ^centre of it. 


i p s^r ,,oti,e “ rfeceofthetaf .-^ 

PAL.«ONttOLOOY, the study of Fossils 

PAXwBOPHnoBQGY, the study of Fossil plants 

Palea or Pale, the part of the flower of Grassy 
within the glume , also applied to the smuii 
scaly Jamuifp which occur in the receptacle of 
some Composite. 

Paleaceous, chaffy, covered with small erea 
membranous scales. 

Palmate and Palmattftd* applied to a leaf 
with radiating venation, uividefl into lobes to 
about the middle 

Palm ati partite, applied to a leaf with radiating 
venation, cut nearly to the base in a palmate 
manner. 

‘anduriform, shaped like a fiddle, applied to 
an oblong leaf, with a sinus on eaeh side about 
the middle 

’anicle, inflorescence Of Graswi, consisting of 
spikelets on long peduncles coming off in * 
racemose manner. 

Paniculate, forming a panicle. 

Papilionaceous, corolla composed of vexilhim, 
two alse, and canna, bb in the Pea. 

Papillateu aud Papillose, covered with small 
nipple-like prominences. 

Pappus, 'the hairs at the Bummit of the ovary in 
Composite They consist of the altered calycim 
limb. Pappose, provided with pappus* 

Paraphvseh, filaments, sometimes articulated, 
occurring in the fructification of Mosses, and 
other Cryptogams ; also applied by some authors 
to abortive petals or stamens. 

Parabite, attached to another plant, and dern - 
mg nourishment from it. 

Parenchyma, cellular tissue. 

Parietal, applied to placentas on the wall of the 
ovary. 

Pari-pinnatk, a compound pinnate leaf, ending 
m two leaflets 

Parthenogenesis, production of perfect seed 
with embryo, without the application of pollen 

Partite or Parted, cut down to near the base, 


Organogeny, the development of organs. 

Organography, the description of the organs of 
plants. 

Orth oploceae, Crucifer© having conduplicate 

' cotyledons. 

Orthos, straight, m composition Ortho, same as 
Latin Rectus. 

Orthotropal and Orthotropoub, ovule with 
foramen opposite to the hilum ; embryo with 
radide next the hilum 

OsMObE, the force with which fluids pass through 
membranes IR experiments on exosmose and 
endosmose. 

Qval, elliptical, blunt at each end. 

Ov vry, the part of the pistil winch contains the 
ovules. 

Ovate, shaped like an egg, applied to a leaf with 
the broader end of the egg nert the petiole or 
axis ; Ovate-lanceolate, a lanceolate leaf, which 
is somewhat ovate. 

Ovenchyma, tissue composed of oval cells. 

Ovule, the young seed contained in the 
ovary. 


the divisions being called Partitions, 

Patella, rounded sessile apotheaum of Lichens 
Patent, spreading widely. 

Pathology, vegetable, same as Nosoloqy. 
Patulous, spreading less than when patent. 
Pectinate, divided laterally into narrow seg- 
ments, like the teeth of a comb. 

Pedate and Pedatffid, a palmate leaf of three 
lobes, the lateral lobe* bearing other equ-tll' 
large lobes on the edges next the middle lobe 
Pedicel, the stalk supporting a tingle flower, 
such a flower is Pedicellate* 

Peduncle, the general flower-«tAlk or floral axis 
Sometimes it Dears one flower, at other turn s 
it bears several sessile or pedicellate flowers 
Pelagic, growing in many distant parts of the 
ocean. 

Pellicle, the outer cuticu’ar covering of plan! s 
Peloria, a name given to a teraxoiogical phe- 
nomenon, which consists in & flower, which is 
usually irregular, becoming regular ; for in- 
stance, when Lin&ria, m place j«€ «ne B P ur> 
produces five. 
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Peltate, shidd-liie, fixed to the, stalk br a 
point within the Margin j peltate hairt, attached 
by their middle. . . 

Penduloub, applied to ovules which are hung 
from the upper part of the omy. 

Penicillate, pencilled, Applied to a tufted stig- 
ma resembling a camel’s hair pencil, as m the 
Nettle. 

Penn i -nerved and Penni- veined, the veins 
disposed like the parts of a feather, running 
from the midrib of the leaf to the margin. 

Pent a, Pentb, five, same as Qttinque in Latin. 

Pentagynous, having five styles, 

Pentamebous, composed of five parts ; a penta- 
merous flower has its different whorls in five, 
or multiples of that number. 

Pentandrous, having five stamenB. 

Pepo and Peponioa, the fruit of the Melon, Cu- 
cumber, and other Cucurbitacem. 

Per, when placed before an adjective, sometimes 
gives it the value of a superlative, as perpusil- 
1 m, very weak; at otnlr times it me-' 
through, as perfoliate, through the leaf. 

Percurrent, running through from top to 
bottom. 

Perennial, living, or rather flowering, for se- 
veral years. 

Perfoliate, a leaf with the lobes at the base, 
united on the side of the stem opposite the 
blade, so that the Btalk appears to pass through 
the leaf. 

Peri, around ; in Latin Circa.. 

Perianth, a general name for the floral enve- 
lope; applied m cases where there is only a 
calyx, or where the calyx and corolla are alike. 

Pericarp, the covering of the fruit. 

Pkrichattal, applied to the leaves surrounding 
the fruit stalk or seta of Mosses 

Ferioladium, the large sheathing petiole of 
Umbellifer*. 

Pkriqlinium and Periphoranthium, the in- 
volucre of Composite. 

Periderm, a name applied to the outer layer of 
bark 

Pkridium, the envelope of the fructification in 
Gasteromycetous Fungi. 

Perigone, same as Perianth. Some restrict the 
term to cases in which the flower is female 
or putilliferous It lias also been applied to 
the mvolucre of Jungermannietc 

Perioynium, applied to the covering of the pistil 
in the genus Carex. 

Perioynods, applied to corolla and stamens when 
attached to the calyx. 

PjjRiPHEftiCAL, applied to an embryo curved so 
as to surround the albumen, following the 
inner part of the covering of the seed 

Pew sperm, the albumen or nourishing matter 
stored up with the embryo in the seen? 

Pewspore, the outer covering of a spore 

Peristome, the opening of the Bporaugmm of 
Mosses after the removal of the calyptra and 
operculum. 

Peritheoium, a conoeptucle in Cryptogams, 
containing spores, and having an opening at 
one end. 

Persistent; not falling off, remaining attached 
10 the axk until the part which bears it *s ma- i 
lured ! 


Personate, a gamopetakin* 

close the hiatus befween the 

Pebtusz, having slits or holes. 

Pkruue, the sows iff the leaf trad. 

Petaloid, like a petaL 

Petals, the leaves forming the carolHnfe whorL 

Petiolate, having a stalk or petiole. 

Petiole, a leaf-stalk; Pethlule, the stalfc of a 
leaflet in a compound leaf. 

Phanerogamous, having conspicuous flowen. 

Phaneros and Pilenob, conspicuous, in com- 
position Phnnero and Phccno. 

Pilekogamous. same as Phanerogam out. 

Phlceum, a name applied in composition to t lie 
bark. * 

Phoranthium, applied to the receptacle of Com- 
positee. 

Phorus, Phorum, and Phore, m words de- 
rived from the Greek, are used as termina- 
tions, meaning, that which bears; equivalent 
to the Latin rerus and Per. 

Phragma, transverse division or false dissepi- 
ment m fruits 

Phycology, the study of Algee or Sea-Weeds. 

Phvllaries, the leaflets forming the involucre 
of Composite floWers. 

Pfyllodium, leaf-stalk enlarged so as to hare 
the appearance of a leaf. 

Phylloid, like a leaf. 

Phyllolobe^e, ootyledons green and leafy. 

Phylloptosis, the fall of the leaf. 

Phyllotaxib, the arrangement of the leaves on 
the axis. 

Phyllum, leaf, in composition Phyllo and Phnl- 
lous ; in Latin Folium. 

Physiognomy, general appearance, without re- 
ference to botanical characters. 

Physiology, Vegetable, the study of the func- 
tions of plants. 

Phytogenesis, the development of the plant. 

Phytography, the description of plants 

Phytology, the study of plants 

Phyton, a name given by Gaudichaud to the 
simple individual plant, as represented by a 
leaf In words derived from the QreekfPhyfon 
and Phyto mean plant 

Phytozoa, moving filaments in the antheruha of 
Cryptogams. 

Pilrorhiza, a covering of the root, as in 
Lenina. 

Pileus, the cap-like portion of the Mushroom 
bearing the hymeniura on its under side 

Pu-ose, provided with hairs; applied to papptiB 
composed of simple hairs. 

Finencryma, tissue composed of tabular cells 

Pinna, the leaflet of a pinnate leaf. 

Pinnate, a compound leaf having leaflets ar- 
ranged on each side of a central nb. 

Pinnatifjd, a simple leaf cut into lateral seg- 
ments to about the middle. 

PiNNATiPARTiTE, a simple leaf cut into lateral 
segments, the divisions extending nearly to the 
central rib. 

Pinnule, the small pinna? of a bipinnatc or tn- 
pinn&te leaf. 

Pn-mL, the female orfan of the flower, composed 
of one or more carpels ; each carpel being com- 
posed of ovary, style, and stigma 
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Pistillate and Pistilltfsbo^s, applied to a 
female flower or a female plant. 

PiSTiLLinnjM, the female organ in Cryptogam 

Placenta, the cellular part of the carpel bearing 
the ovule. 

Plackntary, a placenta bearing numerous 
ovules. 

Plaoentation, the formation and arrangement 
of the placenta. 

Platts, large or broad , in composition I'laty : 
in Latin Lulus and Late 

Pleion, several, in composition Pteiu; in Latin 
Pl-uri, 

Pleiotracbule, spiral vessels with several fibres 
united. 

Plenus, when applied to the flower, means 
double. 

Pleurenchyma, woody tissue. 

PlePbocarpi, Mosses with the fructification 
protending laterally from the axils of the 
leaves. 

Pleuro r H I ze.k, Cruciferous plante having the 
radicle of the embryo applied to the edges of 
the cotyledons, whi< h are called Accumbent 

Plicate and Plicative, plaited or folded like 

a fan. 

Plumose, feathery, applied to hairs having two 
longitudinal rows ot minute cellular processes 

PLtJMULE, the fust-bud of the ernbiyo, usuaih 
enclosed by the cotyledons. 

Pluri, in Latin words means several. 

Plurilocular, having many loculaments. 

PODETltTM, a stalk bearing the fructification in 
some Lichens. 

Podocarp, a stalk supporting the fruit. 

Podogynium, a Btalk supporting an ovary. 

Podospekm, the cord attaching the Beed to the 
placenta 

Pogon, beard; in Latin Barba, 

Pollard-trees, cut down so as to leave only 
the lower part of the trunk, which gives off 
numerous buds and branches 

Pollen, the powdery matter contained in the 
anther. 

Pollen-tube, the tube emitted by the pollen- 
grain after it is applied to the stigma. 

Pollinia, masses of pollen found m Orchids and 


j Fc ^^ AL0USf fl ™ ljX to**#*#* Of separate 

I Polyspee3£al, oestaining many seed*. 

Pome, a fruit like the Apple and Pear. 

Pores of the leaf, same as Stomata. 

Porous vessels, same as Pitted Potted vessels 

Pqrrict, extended forwards. 

Posterior, applied to the part of the flower 
placed next the axis; same as Superior. 

Posticus, same as Extrorse; applied to anthers 

Pouch, the short pod or silhcte of some Crucifer®. 

Pous, Podos, a foot or stalk, in composition 
Podo; in Latin Be:, Pcdu. 

PmKFLORATiON, same as jBsiimtion. 

PrjEFOLIation, same as Vernation. 

Premorse, bitten, applied to a root terminating 
abruptly, as if bitten off. 

Prickles, hardened epidermal appendages, of a 
nature similar to huirs. 

Primine, the outer coat of the ovule. 

Primordial, the first true leaves given off by 
the young plant ; Also the first fruit produced 
on a* raceme or spike. 

Primordial Utricle, the lining membrane of 
cells in their early state. 

Prihmenchyma, tissue composed of pnsmatical 
cells. 

Process, any prominence or projecting part, or 

' small lobe. 

I Procumbent, lying on the ground. 

Pro-embryo, cellular body in ovary, from which 
the embryo and its suspensor are foimed 
Sometimes Pro-embryo is used for Protkallue. 

Proliferous, bearing abnormal buds 

Prone, prostrate, lying flat on the earth. 

Propaoulum, an off-shoot, or germinating bud 
attached by a tbickish stalk to the parent 
plant. 

Prosenchyma, fusiform tissue forming wood. 

Prothallium or Prothali.us, names given to 
the first part produced by the spore of an 
acrogen in germinating. 

Protoplasm, the matter which seems to be con- 
cerned in the early lormation of nuclei and 
ceils. 

Pruinose, covered with a coarse granular secre- 
tion, as if dusted. 


Aiclepiads. 

Polyadelphous, stamens united by their fila- 
ment* so aB to form more than two bundles. 

Poltandrous, stamens above twenty. 

PqlYcarpio, plante which flower and fruit many 
tunes m the course of their life. 

PolTootyledonous, an embryo having many 
cotyledons, as in Firs. « 

PolVembryony, having more than one em- 
bryo. 

Polygamous, plants bearing hermaphrodite as 
well as male and female flowers, 

PolYoyncecial, applied to multiple fruits formed 
by the united pistils of many flowers. 

Pglygynous, having many pistils or styles. 

Polymorphous, assuming many Bliapes. 

PolyPetalous, a corolla composed of separate 
petals. 

Polyphyllous, a calyx or involucre composed 
of separate leaflets 

Polys, many, in composition Poly-, in Latin Mul- 
tus. 


Pseudo, false ; in Latin, Spunus 

Pseudo-bulb, the peculiar aerial stem of many 
epiphytic Orchids. 

Pseudo-spermous, applied to plants bearing 
single-seeded seed-vessels, such as Achenes, 
resembling seeds. 

Pteridoorapiua, a treatise on Ferns. 

Pterocarpus, winged fruit 

Pubescence, short and soft hairs covering 
surface, which is hence called Pubescent. 

Pulverulent, covered with fine powdery matter. 

Pulvinate, shaped like a cushion or pillow. 

Pulvinub, cellular swelling at the point where 
the leaf-stalk joins the axis. 

Punctated, applied to the peculiar dotted woody 
fibres of Conifer®. 

Put amen, the hard endocarp of some fruits. 

Pvcnide, a papilliform or wart-like minute 
cellular reproductive body in the thallus of 
Lichens 

PYRENiE, stony coverings of the seeds in the 
Medlar. 
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Pvridium, same ns Ponu. 

Pyriform, near-shaped. . . 

Pyxib and Pyxtoium, * Ciptttfe opening by a h< 

Quadri, in composition mean* four times. 
Qtjadkifarious, in four rows. 

Quadri fid, four -cleft, cut down into four parts 
to about the middle. 

QuADKiJuaA.TR, hanng four pair* of leaflet*. 
Quadriloculasl, having four teoulament*. 
Quadripartite, divided deeply into four parts. 
Quaktine, the fourth ooat of the omle, whic 1 - 
often is changed into albumen. 

Quaternatr, leave* coming off in four* from 
one point. 

Quinary, composed of five parte, or of a mul- 
tiple of five. 

Quinate, five team 'coming off from one 
point. 

Quincunx, when the leaves in the bud are five 
of which two are exterior, two interior, and the 
fifth cover* the interior with one mai gin, and 
has it* other margin covered by the exterior. 
Quincuncial, arranged in a quincunx. 

Quinque, in compound words means five 
Quinquefid, five-cleft, cut into five part* as 
far as the middle. 

Quinquelocular, having five loculameuts. 
Quinquepaktite, divided deeply into five parts 
Qu intine, the fifth coat of the ovule, otherwise 
called the embryo- sac. 

Hack, a permanent variety. 

Raceme, cluster, inflorescence in which there is 
a primary axis bearing stalked flewers. 
Racemose, flowering in racemes. 

Rachis, the axis of inflorescence ; also applied 
to the stalk of the frond in Ferns, and to the 
common stalk bearing the alternate spikelets 
ul some Grasses. 

Radiant, applied to flowers which form a ray- 
like appearance, as seen in Umbellifer® and in 
Viburnum, fce. 

Radiate, disposed like the spokes of a wheel; 
also applied to the florets of the ray or circum- 
ference of the capitula of Composite 
Radical, belonging to the root, applied to leaves 
close to the ground, clustered at the base of a 
flower stalk. 

Radicle, the young root of the embryo. 

Radios, the ray or outer part of the heads of 
Composite flowerB 
Ramal, belonging to the branches. 

Ramenta, the scales or chaff of Ferns. 

Ramose and Ramous, branched. 

Aaphe, the line which connects the hilum and 
the cnaiaza in anatropal ovules. 

Ra ph ides, crystals found in cells, which are 
hence called Itaphidian. 

Receptacle, the flattened end of the peduncle 
or rachis, bearing numerous flowers in a head ; 
applied also generally to the extremity of the 
peduncle or pedicel. J 

Reclinate, curved downwards from the hori- 
zontal, bent back up. 

Reotembrvtle, the embryo straight In the axis 
of the seed. 

Recti vervib and Rectivenjus, stradg..* and 
• parallel-veined. 


RECTimtfiiAL, 'teswei disposed* a A-jgKffcWr 

i series. 

Recurved, beat backward*. 

Redumjcate, edges of the sepals or petal* 
turned outward* m Aestivation. 

Reoma, seed-vessel composed of elastic cocci, 
as in Euphorbia. 

Regular, applied to an organ, the parts of which 
are of similar form and sue. 

Reliqulr, remains of withered leaves attached 
to the plant. 

Reniform, in shape like a kidney. 

Repand, n&vmg a slightly undulated or sinuous 
margin. 

Replum, a longitudinal division in a pod formed 
by the placenta, as in Crucifer®. 

Resupinate, inverted by a twisting of the stalk. 

Reticulated, netted, applied to leaves having a 
network of anastomosing veins. 

Retifokm, like network. ; 

Retinaculum, the glandular viscid portion at 
the extremity of too Candida in some polhnia. 

Rktinervus and Retivenius, having reticulated 
veins. 

Rktrorse, tnrned backward*. 

Ret use, when the extremity is broad, blunt, and 
slightly depressed. 

Revolute ami Revoluttve, leaf with its edges 
rolled backwards m vernation. 

Rhiza, in words derived from the Greek, means 

root 

Rhizome, a stem creeping horizontally, more or 
less covered by the soil, giving off bud* above, 
and roots below. 

Rhizotaxis, the arrangement of the roots. 

Rhomboid, quadrangular form, not square, with 
equal sides. 

Rictus, the throat or chink in personate flowers. 

Ringent, a Labiate flower, m which the upper 
Up » much arched. 

Rosaceous, applied to corollas having separate 
sessile petal* like the Rose. 

Rosette, leaves disposed in do*© circles forming 
a cluster. 

Rostellum, a prolongation of the upper edge of 
the stigma m some Orohids. 

Rostrate, beaked, having a long sharp point. 

Rotate, a regular gamopctalous corolla with a 
short tube, the lunb spreading out more or lesB 
at right augles. 

Rotation or Gyration, a peculiar circulation 
of the cell aap, seen in Hyurodiandaceffi* &c, 

Root-sjock, same as Rfiitone. 

Rudimentary, an organ in an abortive state 
arrested in its development. 

Rugose, wrinkled. 

Ruminate, applied to mottled albumen 

Runcinate, a pinnatifid leaf with a triangular 
termination, and sharp divisions pointing down- 
wards, as m Dandelion. 

Saccate, forming a sack or bag, seen in some 
petals. 

Iagitpatk, like an arrow, a leaf having two pro- 
longed ‘ shap-pomted lobes projecting down- 
ed urds beyond tue insertion o? the petiole. 

Samara, a winged dry fruit, as m the Elm. 

'Iakcocarp and Sarooderm, the mwocarp of 

the fruit having become succulent. 
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SAROOLOBiis, cotyledons thick and floaty, a* in 
Bean and Pea. 

Sarmeictum, ■ometimco meaning the same aa 
Fa<jellvm, or runner, at other times applied to 
a twining item which rapport* itself by means 
of other*. 

Scabrous, rotjjgh, covered with very stiff short 
hairs; Scab^tuetdut, somewhat rough, 

Scalabiform, vessela haring bars like a ladder, 
seen in Ferns. 

Scandent, climbing by means of supports, as on 
a wall nr rock. 

Scape, a naked flower-stalk, bearing one or more 
flowers arising from a short axis, and usually 
with radical leaves at its base. 

Scabious, having the consistence of a dry scale, 
membranous, ary, and shrivelled. 

Scton, the young twig used as a graft. 

Scuerooen, the thickening matter of woody 
cells 

8 cost form, in the form of filings, or like fine 
sawduBt. 

Soqbina, the flexuose rachis of some Grasses. 

Scorpioidal, like the tail of a scorpion, a pe- 
culiar twisted cymoae inflorescence, as in Bo- 
ragmacete. 

Bcjeobiculatf^ pitted, having small depressions. 

Scuteixum, a sort of apotheemm m Lichens. 

Becund, turned to one side. 

Secundine, the second coat of the ovule witliin 
the prumne. 

Segregate, separated from earh other. 

Semi, half, same as the Greek Uemi. 

Semi FLO0CU LOUS, same as Ligvlatc. 

8kmjnal» applied to the cotyledons, or seed- 
leaves. 

Sepal, one of the leaflets forming the calyx. 

Septate, divided by septa or partitions. 

8eptbm, seven, in Greek Hepta. 

Septenate, organs approaching in sevens ; a 
compound leaf with seven le&etB coining off 
from one point. 

SEtttciDAL, dehiscence of a seed-vessel through 
the septa or edges of the carpels. 

SKrtBERAOAL, dehiscence of a seed-vesBel through 
the back of the loculaments, the valves aleo 
separating from the septa. 

Septulate, having spurious transverse dissepi- 
ments. 

BErrUM, a division in an ovary farmed by the 
sides of the carpels. 

Sericeous, silky, covered with fine, close-pressed 
hairs * 

Serrate or Serrated, having sharp processes 
arranged like the teeth of a saw. Bwerrate, 
when these are alternately large and small, or 
where the teeth are themselves serrated. 

Serrate res, pointed marginal divisions arranged 
like the teeth of a saw. 


Bsx, in Latin fix, same as Greek Htxa, 

. Si Lieu la or Bilicle, a short pod with a double 
placenta and replum, as in some Grttcifene. 
BiLicufcO&s, bearing a riUcle. 

Si li qua, a long pod similar in structure to the 
silicuia. 

Siliqclefobjc, fruit like a siliqua in form. 
Siliqug&e, bearing a sQiqua. 

Simple, not branching, not divided into separate 

S aits ; Simple Jruitt are those formed by one 
ower. 

SmisTRORSE, directed towards the left. 
Sinuated, the margin having numerous large 
obtuse indentations. 

Sinuous, with a wavy or fleruous margin. 
Slashed, divided by deep and very acute m- 
eiaions. 

Sobolbs, a creeping under-ground stem. 

Social Plants, such as grow naturally in groups 

or inasBCB 

Soredia, powdery cells on the surface of the 
thallus ot some Lichens. 

Sorosis, a compound or polygynoecial succulent 
fruit, such as Breadfruit and Mulberry 
Sorb ft, a cluster of sporangia in Ferns; ftpplhd 
hIbo to fructification m Alarm, containing pyri- 
form stipitate spores. 

Spadix, a Bticcutent spike bearing male and fe- 
male flowers, as in Arum 

| Spathaceous, having the aspect and membran- 
j ous consistence of u Bpatlie 
Spathe,* large membrauoua bract covering nu- 
merous flowers 

Spathellas, another name for the glume 11® of 
Glasses • 

Spathulate, shaped like a spathula, applied to 
a leaf having a linear form, enlarging suddenly 
into a rounded extremity. 

8pawn, same as Myrehnm 
Specific Character, the essential character of 
a specieB. 

Spermatia, motionless spermntosoids in the 
spertnogones of Lichens and Fungi. 
SrERMATOZOiDS, moving filaments contained m 
the anthendm of Cryptogams ; called also phy- 
tozoa and antherozoidB. 

Spermoderm, the general covering of the seed. 
Sometimes applied to the eplsperm or outer 
covering. 

Spermogone, a microscopic conceptacje in 
Lichens, containing reproductive bodies called 
Spermatia ; also a concqitacle containing 
fructification in Fungi. 

Spha&renchyma, tisaue composed of spbencal 
cells 

Spike, inflorescence consisting of numerous 
flowers sessile on an axis. 

Spikelet, small cluster of flowers in Gftsses 
Spine or Thorn, an abortive branch with R bard 


Serrulate, with very flue serratures. 

SE8QU1, in composition, means one and a half 

Biwa n a, without a stalk, as a leaf without a 
petiole. 

Seta, a bristle or sharp hair ; also applied to the 
gland-tapped hairs of Hosaceto and Hieracia, 
and to the stalk bearing the theca in MosseB. 

SaacAtWKm and Sktiform, in the form of bristles. 

SmoERona, bearing setee. 

Setose, covered with setee. 


Bliarp point ‘ '■ 7 

Spinescent or Spinose, bearing spine*. 

Spiral Vessels or Spiroidea, having a spiral 
fibre coiled up inside a tube. 

Spirillum, same as Spermataroid. 

SpirolobeA, Cru ifer® hav'nff the cotyledons 
folded transversely, the radicle being doreal, 
Sponoiole or Spon’qelet, the cellular extremity 
of a young root 

Sporangium, a case containing spores. 
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Spob*. a body in Crypto- Stbioow, covered with rough, strong, adprcwtd 

BTORiDiu^a cellular germinating tody in Cryp- Stbdmlus, a cone, applied to tlie fruit of lirs 
fcurtinics containing two or more Uefls in us *1 well as to that of the Hop. 

Jferior. StrOfhiole, a sort of aril or swelling on the 

Sporocarp, theinvolncrc or ovoid-sac containing surface of a seed 
the organs of reproduction in Martileact®. Struma, a cellular sweUmg at the point wiiere 
8POROPHOUK, a stalk supporting a spore. a leaflet joins the midrib ; also a swelling be- 

gpoaosoiD, a moving spore famished with dlia low the sporangium of Mosses. 

or viliratile processes. Stuposk, having a tuft of hairs 

Spur, same as Colour. Stylk, the *tulk interposed between the ovary 

Squama, a scale i also applied to bracts on the ami ihe stignm. 
receptacle of Composite, to bracts in the mflo- Stylo pod, an epigvnous disk seen at the base of 
re scenes of Afiientiferee, and to the lodicute of the sty h s of Ombeihferee. 

Grasses* Stylospore, a spore-like bod y borne on a sterig^a 

Squamosr, covered with scales. or celittlar stalk, in the Pyc nides of Lichens. 

Squarrose, 00' ered with processes spreading at Subkrous, having a corky texture. 

right angles (# in a greater degiee. Subiculum, 6 ame as H.ipotkaltvs. 

Btachys and Stachya, in Gy eek words signify Subterra nkak, under ground, same as HypcgcaL 
a spike. Subulate shaped like a cobbler’s awl. 

Stamen, the male organ of the flower, formed by Succisus, abrupt, as it were cut off, same as 
a stalk or filament and the anther containing V remorse. 

j ollen. Suffruticose, having the characters of an urn- 

Stamtnate and Staminifkrous, applied to a dershrub, 
male flower, or to plants beanng male floweis. Sulcatk, furrowed or grooved. 

Staminodium, an abortive stamen. Superior, applied to the ovary when free or not 

Standard, same us Vtxilhim. adherent to the calyx , to the calyx, v hen it is 

Stellate or Btrllifokm, arranged like a star. adherent to the ovary ; to the partot a flower 

Stkriomata, cells bearing naked Bpores ; also placed next the axis, 
cellular filaments hearing spermatm and stylo- Supervolute or Supervolutive, a leaf rolled 
spores, in the Spermogones and Pycmdes of upon itscit in vernation. 

Lichens. Surculus, a sucker, a shoot thrown off umlef- 

Stkrile, male flowers not beanng fruit. grouud, and only rootiucr at its base 

Stiohidia, pod-like receptacles containing Suspended, applied to an ovule which hangs 
spores. from a point a little below the apex of the 

Btiohoub, at the termination of words means ovary. 

a row, as distichous „ in two rovi s. SusPENbOR, the cord which suspends the embryo, 

Btigma, the upper cellular secreting portion of and is attached to the radicle m the young 
the pistil, uncovered with epidermis , Stiymatic, state. 

belonging to the stigma. Sutural, applied to that kind of dehiscence 

Stimulus, a sting, applied to Bringing hairs with which takes place at the sutures of the fruit 
an irritating secretion at the base Suture, the part where separate organs unite, 

Stipe, the stem of Palms and of Tree-fernB , also or where the edges of a ioloed organ adhere , 

applied to the stalk oi Fern-fronds, and to the j the lentra! sntut t of the ovary is tnat next the 

stalk bearing the pileue in Agarics centre of the flower ; the dorsal sutwnt corre T 

Htipel, a small leaflet at the base of the pmnte spends to the midrib. 

or pinnules of compound leaves. SvcoNiisfa multiple or polygynoecml succulent 

Stipitatk, supported on a stalk. j hollow fruit, as m the f ig. 

Stipulary, applied to .organs occupying the Symmetry, applied to the flower, has reference 
place of stipules, such as tendrils. I to the parts being of the same number, or 

Stipulate, furnished with stipules. j multiples of each other, 

Stipule, leaflet at the base of other leaves, hnv- ! Syn, in composition mea? s united, 
ing a lateral position, and more or less changed Synantiierous, anthers united, 
either in form or texture. | Synanthos, flowers united together. 

p Stolon, a suoker, at first aerial, and then turn- Syncarpous, carpels united so as to form one 
mg downwards and rooting. i ovaiy or pistil. 

Stolonife^ous, having creeping runners which Syngene.kious, Bame as Synanthcrvus. 

at the joints. Synochrkatis, stipules uniting together on the 

STOOL, a plant from which layers are propagated, \ opposite side of the axis from the leaf 
toy bending down the branches so as to root in 1 

the sou. | Taphrknohyma, pitted vessels, same as hoth- 

Stomatea and Stomata, openings in the epider- l reuchi/mn 
mis of plants, especially m the leaves. Tap-root, root descending deeply in a tapering 

Strangulated, contracted and expanded irregu- I undivided manner 
lariy. Taxonomv, principles of the classification of 

Strap-shaped, same as My u! ate; linear, or about plants 

six times as long as broad, ** - Tsgmen the second covering of the seed, called 

Stria, a narrow line or mark. ! also End' pleura. 

Striated, marked by streaks or stine. Tegmenta, scales protecting buds. 
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Teratology, study of monstrosities and mor- 
phologic^ change*. 

Telecine, the tiara coat of the ovule, forming the 
covering of the central nucleus. 

Tempi*, nearly cylindrical, somewhat tapering 
into a very elongated cone, the transverse sec- 
tion nearly circular. 

Tf.rnary, p;irt8 arranged in threes. 

Ternate, compound leaves composed of three 
leaflets. 

Testa, the outer covering of the seed; some 
apply it to the coverings taken collectively. 

Tkstioulate, root having two oblong tuberculeB. 

Tf.tra, in Greek words lour; in Latin Q wiser or 
Quoin, 

Tetradynamous, four long stamens and two 

- short, as in Crucifer ea 

Tet&agonoub or Tetragonal, having four 
mtgles, the faces being convex. 

Tetragynous, having tour curpels or four styles 

Tetramerous, composed of four parts ; a flower 
is tetramerous when its envelopes are in fours, 
or multiples of that number. 

Tktrandrous, having four stamens. 

Tetrapteroub, having four wings. 

Tktraquktuous, having four angles, the faces 
being concave. 

Tktrarporr, a germinating body m Algae coro- 
led of four spore-hke cells ; but also applied 
to those of three cells. 

THJ’RATirEOAL, having four loculaments. 

Thalamifloral, parts of the floral envelope in- 
serted separately into the receptacle of thala- 
mus 

Thalamus, the reoeptacle of the flower, or the 
part of the peduncle into winch the floral organs 
are inserted. 

Thallooknr or Thallophytes, plants produc- 
ing a t hall ns. 

Thallub, cellular expansion m Lichens and other 
Cryptogams, beanug the fructification. 

Theca, sporangium or spore -case containing 
spores. 

Thecaphore, a stalk supporting the ovary 

ThB£m£S©Roub, applied to Fungi which have 
the spores in thecse. 

Throat, the orifice of a gamopetalous flower 

Thyrsus, a sort of panicle, in form like a bunch 
of grapes, the raftOTWieace being mixed. 

Tigellus, the young embryonic axis. 

Toise, is equal to 1.94904 metres or 6.39459 Eng- 
lish feet 

Tomentose, covered with cottony, entangled 
pubescence called t omentum. 

Torulgbe, presenting successive rounded swell- 
ings, as in the momliforru pods of some Cruei- 
Jlerte. 

Torus, another name for thalamus, sometimes 
applied to^ft much developed thalamus, as m 
Nelumbium. 

Trachea, a name for spiral vessels. 

Tracelenohyma, tissue composed of spiral ves- 
sels. 

Transpiration, the exhalation of fluids by 
leaves, 8 ms. 

Trfis, three; Trir, tbnee, in composition JVi. 

Triadelphous, stamens united in three bundles 
by their filaments. 

Triandrour, having three stamens. 
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Triangular, havingthree angles, the faces being 

Trichotomoub, divided successively into three 
branches. 

Tricoccous, formed by three elastic monosper- 
mal carpels. 

Tricostatr, three-ribbed, ribs from the base 

Tricuspidati, having three long points or cus- 
pid es. 

Tridkntate, having three teeth. 

Trifarious, in three rows, looking in three di- 
rections. 

Trifid, three-cleft, a leaf divided into three seg- 
ments which reach to the middle. 

Trifoliate or Trifoliolate, same as Ternate 
When the three leaves come off at one point 
the leaf is iemately-trifoholate; when there is a 
terminal stalked leaflet and two lateral ones, it 
is pinnatitty-trifobolnte. 

Trigonous, having three angles, the faces being 
convex 

Trioynous, having three carpels or three styles 

Thijugate, having three pairs of leaflets. 

Trilocular, having three loculaments 

Trimeroub, composed of three parts , a trmermts 
flower has its envelopes ra three or multiples ot 
three 

Trinervis, having three ribs springing together 
from the base. 

Tricecious, a species producing hermaphrodite, 
stimulate, and pistillate floweis on three sepa- 
rate individuals 

Tripartite, deeply divided into three 

Tkipinnate, a compound leaf three times divided 
in a pinnate manner. 

Tuipi vnatifid, a pmnatifid leaf with the seg- 
ments twice divided ra a pinnatiftd manner 

Tri pli cost ate, three ribs proceeding from above 
the base of the leaf 

Triquetrous, having three angles, the faces 
being concave 

Thistiohous, in three rows. 

Triternate, three tunes divided in a ternate 
manner. 

Trophosperm, a name for the placenta. 

Truncate, terminating abruptly, as it cut oir at 
the end. 

Tkyma, drupaceous fruit like the Walnut. 

Tuber, a thickened underground stem as the 
potato. 

Tubercule, the swollen root of some terrestrial 
Orchids. 

Tuberous, applied to roots in the form of tuber- 
cules. 

Tubular, applied to the regular florets of the 
Composite * 

Tubular-bell shaped, applied to a campanu- 
late corolla, which is somewhat tubular m its 
form. 

Tijnioatfd, applied to a bulb covered by W 
external scales, as the Onion. 

Turbinate, in the form of a top. 

Turio, a young Bhoot covered with scales sent up 
from nn underground stem, as in Asparagus. 

Type, the perfect representation or idea oi any- 
thing 

Typical, applied to a specimen which has emi- 
nently the characteristics of the species, or to 
a species or genus characteristic of an order. 
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Umbel, inflorescence in which nmnerou* 
flowers arise from one point 
Umrellule, a small umbel, wen m the com- 
pound umbellate flowers of many UtnbeUifer®. 
Umbilrjate, fixed to a stalk by a point in the 
centre. 

Umwlicub, the ldlum or base of a seed. 

Umbo, a conical protuberance on a surface, 
Umbonate, round, with a projecting point in tlie 
centre, like the boss of an ancient shield. 
Umbraoulifebous, m the form of an expanded 
umbrella. 

Uncinate, provided with an uncut or hooked 
process. 

Undecim, eleven, m Greek Endeca. 

Unguis, claw, the narrowed part of a petal ; such 
a petal is called Vnguiculate. 

U$i, in composition one, same as Greek Mono 
Unicellular, composed of a single cell, as some 
Algse. 

Unilateral, arranged on one Bide, or turned to 
one Bide. 

Unilocular, having a single loculus or cavity. 
Unisexual, of a single sex, applied to plants 
having separate male and female flowers. 
Urckolaik, urn-shaped, applied to a gamopc- 
talous globular corolla, witn a narrow opening. 
Ustulate, blackened. 

Utricle, a name for a thin*walled cell, or for a 
biadder-like covering. 

Utriculus, applied to a kind of fruit like the 
achcne, but with an inflated covering; also to 
the persistent confluent pengonc of Carex , in 
Algae applied to a loose pellular envelope con- 
taming Bpores. 

Vaoina, sheath, lower Bheatkmg portion of Borne 
leaves. 

Vallecula, an interval between the ribs on the 
fruit ot Umbelliferee. 

Valvate, opening by valves, like the parts of 
certain sm d-vesaels, which separate at the edges 
of the c.n pels. 

Valvate ^Estivation and Vernation, when 
leaves in the flower-bud and leaf-bud are ap 
plied to each other by tjjeir margins only. 
Valves, the portions which separate in some 
dehiscent capsules. A name also given to the 
parts of the flower of grasses. 

Vascular tissue, composed of spiral vessels 
and their mod.lications 
Vabiform tissue, same as Dotted vessels. 

Veins, bundles ol \i Is in h nvrs 
Velum, veil, the cellular covering of the gills of 
an Agaric, in its early state. 


Vbluitnovs, having * ffhwfcf nwtttfant#. 

Venation, the arrangement of the veijtt; ‘ \ , 

Ventral, applied to the part Of the carpet mbm 
is next the axis. . 

Ven tricose, swelb'ng unequally on one side. 

Vermicular, shaped like a worm. 

Vernation, the arrangement of the Leaves in the 
hud. 

Verruoose, covered with wart-like excrescences. 

Versatile, applied to an anther which is at- 
tached by one paint of its back to the filament, 
and hence is very easily turned about. 

Verticil, a whorl* parts arranged opposite to 
each other at the same level, or, in other words, 
in a circle round an axis. The parts are said 
to be Verticxllate. 

Verticillaster, a false whorl, formed of twoV 
neaily sessile cymes placed in the axils of op- 
posite leaves, as in Dead-nettle. 

Vehicle, another name for a cell or utricle. 

Vessels, tubes with closed extremities. 

Vkxillary, applied to aestivation when the vex- 
illum is folded over the other parts of the 
flower. 

Vexili.um, standard, the upper or posterior petal 
ot a papilionaceous flower. 

Viuinti, twenty ; same as Greek Icosi. 

Villous, covered withlong soft hairs, and having 
a woody appearance. 

Viroate, long and straight like a wand. 

Viscouh, clammy, like bird-lime. 

Vitellus, the embryo-sac when persistent m 
the seed. 

Vitt.®, cells or clavate tubes containing oil m 
the pericarp of Umbelhfcrse. 

Viviparous, plants producing leaf-buds in place 
of fruit 

VoLUBrLE, twining, a stem or tendril twining 
round other plants. 

Volva, wrapper, the organ which encloses the 
parts of fructification in some Fungi m their 
young state. 

Whorled, same as Fcrticillate. 

Wings, the two lateral petals of a papikotMtoeous 
flower, or the broad flat edge of any organ. 

Xanthophyll, yellow colouring matter in plants. 

Xanthos, yellow, m couipositaon XaHtho . 

Xylooakpous, fruit which becomes bard and 
woody. 

Zoospore, a moving spore provided with cilia , 
called also Zoosperm and Sporozoid. 

j Zootheca, a cell containing a spmmitozoid 
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ABBREVIATIONS AND SYMBOLS. 

Thi name* of Authors are abridged m Botanical works by giving the first letter or syllable, 
Sic —Thus, L. stands for Linnarus ; DO. for De Candolle; Br. for Brown; Lam. and Lmk. for La 
marck; Hook, for Hooker; Hook. fil. for Hooker junior; Lindl. for Lindley , Arn. for Amott , ^1 
nud^ft. for Humboldt and Bonpland ; H. B. and K. for Humboldt* Bonpland, and Kunth ; W and 
A. f-ir Wight and Arnott; Benth. for Bentham , Berk, for Berkeley; Bab. for Babmgton, Sic 
Tfie symbol oo or 00 means an indefinite number ; m the case of stamens, it means above 20. 

© means Monocarpic, flowering and fruiting once during life , duration uncertain. 

O or A. means a Monocarpic annual plant ; flowering and fruiting within the year and then 
dying. 

^ GOO (5 or B. means a biennial plant ; flowering and fruiting in the second year. 

■jj £ or P. means a perennial plant j Rhizocarpic. 
b means a woody plant 5 means an uudershrub. 

f-j | or Sh. means a Shrub ; 5 means a Tree under 25 feet ; T. or ^ a Tree above 25 feet. 

*-* means a Climber ; ) turning to the left ; ( turning to the right. 

O « Cotyledons accumbent, radicle lateral ; Pleurorhizese. 

0 ft Cotyledons incumbent, radicle dorsal ; Notorluzea;. 

Gt> Cotyledons eonduplicatc, radicle dorsal ; Orthoploceee. 

0 1 ) ft Cotyledons plicate or folded, radicle dorsal ; Spirolobese. 

0 11 U 8 Cotyledons biplicate or twice folded, radicle dorsal ; Diplecolobese. 

5 Hermaphrodite flower, having both stamens and pistil 
J Male, stamimferoua, stammate, or sterile flower. 

$ Yeraale, pistilliferous, pistillate, or fertile flower. , 

J Unisexual speedes, having separate male and female flowers. 

£ — £ Monoecious species, having male and female flowers on the same plant. 

£ ; J Dicpciou 8 species, having male and female flowers on different plants. 

§ S ? Polygamous species, having bermaplirodite and unisexual flowers on the same or different 
plants. 

• Indicates certainty as to a genus or species described by the author quoted. 

? Indicates doubt as to the genus or species, 

O Indicates absence of a part.' 

r e. sp. or v.v. Vidi vnnm spontaneam, indicates that the author has seen a living rtfce 
specimen of the plant described by lorn. 

r. v. c, Vidi vii am cultam, indicates tlmt he has seen a living cultivated specimen* 
v. t.jp. or 1 . s. Vidi siccam spontaneam, indicates that he has seen a dried native specimen. - 
v. 4 . c. Vidi siccam cultam, indicates that he lias seen a dried cultivated specimen. 
v. in A. Seen in Herbarium. 
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Ahaxlal or aoaxtle.. 

Abbreviations 713 

Aberration, spherical. . . . .1206 

— chromatic.. . .1206 

Abies. 1040 

Abietme® ...1046 

, Region of 1102 

.Abnormal 121 

Abortion or non-develop- 
ment 3S9 

Absorption of fluids by 

plants 253 

Inorganic 

matters 231 

Acacia 107, 852 

Acanthace® 970 

Acanthodium 971 

Acanthus 971 

Acaules 05 

Acclimatizing of plants. ..1172 

Accrescent 3(57 

Accumbent 001 

Acerace® 805 

A ch® mum 641 

Achlamydeous 361, 649 

Achlya 1129 

Achras 937 

Achromatic 1205 

Acicular 150 

Acids, Organic 320 

Acinaciform 150 

Acinus, one of the divisions 
of the fruit of the Rasp- 

1 berry... 545 

Aconlta or Aconitine .... 740 

Aconitom... 740 

Acorn® 1092 

Acorns Calamus 1093 

Aootyledones 590, il“4 

Aeotyledonus stem, 71, 103, 107 

Acramphlbrya........ . 730 

Acrobrya....* ...1104 

Acrocarpt 1115 

Aorogen®.* 1105 

’ Jwrogeuous stem, 71, 102, 107 

Acrogens, reign of 1185 

Acte®* 739 

Actinenohyma. 5 

Aculei 57 

Acuminate 150 

Adam’s Needle ...1078 

Adansoni* 784 

Adherent 160, 408 

Adhesion of Organs. . .... 652 

Adnate ,..100, 408 

Adpressed hah a 60 


Paragraph 

Adventitious leaf-buds. .. 190 

roots 121 

Aerial stem 70 

leaves 184 

JEsculus. 807 

^Estivation 854 

^Ethiopian Lily 1093 

Affinity 704, 1147 

Agamous 389 

Agaricus 1124, 1125 

Agathotes Chirayta 949 

Agave® 1072* 

Ages of trees 79, 635 

'iAvglutination of cells .... 18 

Aggregate 541 

Aggiegate fruits. 538 

Air-cells 21 

Air-plants 121, 251 

Akee fruit 807 

Alabastrus 354 

Al® 879 

Alangiace® 864 

Albumen 587, 588 

Albuminous 587 

Alburnum 78 

Alder 1036 

Alg® 1127 

■, how to prepare . . . ,1228 

Algaroba-bean. 861 

Ahsmace® 1088 

Alkaloids. 821 

A lktt.net 959 

Allie® 1077 

Alligator pear 994 

Allium 1078 

Allspice 86*" 

- — , Carolina 850 

Almond 855 

Aloe, American 1073 

Aloes 1078 

Aloes- wood 1003 

Aloine® 1077 

Aloysia. 969 

Alpine travelling 1282 

A lame® 778 

Alsodeie® 768 

Alstrdmerie® 1072 

Alth®a 782 

Alternate*. 170 

Altingiace®* 1033 

Alumina in the toil 230 

Amadou 1125 

Amanita. 1124 

Amaranthace® 984 

Amaryllidace® 1072 

Amenhfer® 1033 


Paragraph 

Amentum 334 

A merican cowslip is l>o<k»t 

catheon 975 

Amoraum 1002 

Ammonia, source of nitro- 
gen 215 

Ammoniacal liquor, as a 

manure - 246 

Ammoniacal manures..... 243 

Ammoniacum 891 

Amnios 463, 580 

Amniotic sac 504 

Ampelide® 813 

Amphibious plants 1139 

Amphibrya ..1049 

Amphigam® or Amphi- 

gen® 1118 

Amphitropa! .*408, 608 

Amplexicaul 139 

AmpnH® 120, 164 

Amygdale® — 854 

Amygdaline .».810, 855 

Amyridace® 844 

Region of.. 1155 

Anacardiace® .*.... 842 

Anacyclns 917 

Anagallis.., 975 

Analogy 1147 

Analysis of soils 238 

Anamlrta 747 

Ananas 1076 

A natomy, vegetable ..... 1 

Anatropal 467. 584 

Anatropoua 467 

Andira 8 r 0 

Androecium 390 

Androphore 399 

Anemone® 7-9 

Ancthum 892 

Anfractuose 4o6 

Angelica..... 

Angienchyma . .. 

Angiospermw 981 

Angiospermous 576 

Angiosperras, reign of- 1198 

Angususepta 760 

Angustura or Angostura 

bark 828 

, False 947 

Anise 892 

Anisostemonons 392 

Annual ..633, 718 

Annular cells 11 

vessels 85 

Annularis 1388 

Annulate ferns lib® 
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Angled ro^.b.^Tf 
Anonace® t 744 

Anterior, applied to parti 
of tile flower. .......... 857 

Anthemls 917 

Anther .895, 402 

— _ — .colour of 413 

, coverings of ..... . 403 

.dehiscence of 410 

development of. .. 404 

, form of lobes of. . . 403 

, union of . . v . . *. . . 4J7 

Anthericeas 1077 

Antberidium ,427, 492 , 

Anthesls, opening of the 

flowers 354 

AhthocarpcR»... 538, 556 

Anthodittm..V« 836 

Anthotaxis 324 

Antiitils ..1022 

AatlfllB 412 

Antirrhlnlde®.. 964 

Antittopal 603 

Aperispermic 605 

Apetalous 647 

Aphyllanthe® .1077 

Apiaceae 888 

Apicilar 451 

Aplcular 630 

Apiculate 628 

Apocarpous ...434, 538 

Apocynace® 944 

Apophysis 1114 

Apothecia 1119 

Appendicular organa .... 57 

Appendiculate 383, 398 

Apple 856 

Appresaed hairs 60 

Aquatic plants 1139 

AqulfoUace® 934 

Aquilariace® .1003 

Arabia® 303 

Arace® - 1092 

Araliaceffl 894 

Araucaria 1046 

Araucarites 1190 

Arborescent 68 

AvbOf&rylt® 1046 

Arbutus 931 

Archegonium 492 

Archil 1121 

Arctium 916 

Arctostaphylos 931 

Ardtsia . 938 

Areca 1086 

Aiccine® 1085 

A reel 943 

Arillode 581, 996 

Arillus 581 

Arlne® 1092 

Arista, an awn, as in 

grasses 1099 

Aristate 1099 

Avistolochiace® 1009 

Anneria 977 

Arnica 917 

Amotto &mily 766 

Arracacha 890 

Arrow-root 1064 

, Bratllian 1018 

, spurious 1048, 1062 

Artanthe 1032 

Artemisia 917 

Artidiok* 916 


A rtlchoke, J ernsalem .... 9^7 
Artificial System......... 715 

ArtocaTpe® .}019 

As&rabacca 101O 

Asarum ...1010 

Ascending ovule 471 

Ascherson on Cytogeneiis 22 

Ascidia 164 

Asclepladace® 942 

Ascomycetea .......... . .1123 

Ascus 459, 1119 

Ash 941 

Ashes of plants 220 

. Bean, Pea, and 

Rye-Grass 223 

Oats 223 

Wheat 223 

Asparage® 107? 

Asparagus 1078 

Aspen 1034 

Asphodele® 1077 

Assafoetida 891 

Asterace® 910 

Asters, Region of 1155 

Astragalus 850 

Atherospormace® 1027 

Atractenchyma 5 

Atriplex 987 

Atropa 961 

Atropia 9G1 

Atropous or atropal 465 

Attar of Roses 85$* 

Aucuba 896 

Aurantiace® .. 795 

Auricula 975 

Auriculate 150 

Autumn Crocus 1080 

Avellano 998 

Avenia 141 

Avocado Pear 994 

Axe-shaped 150 

Axial 602 

Axil 140 

Axile 440, 602 

Axillary 140. 160 

Axis, ascending 70 

, descending 119 

•, floral 325 

Azote, source of 215 

Azotized matter in plants. 311 

, Products 310 

Azalea 927 

Babul-wood 852 

Bacca 550 

Baccate - 550 

Balanophorace® 1041 

Balausta 550 

Balm 967 

Balm of Gilead 845 

Balsam, bursting of seed- 

vessel 27 

family 819 

of Copaiva 851 

— of Peru 850 

of Tolu 850 

ofUmiri 810 

Balsamace® 1033 

Balsaminaceae 819 

Balsamodendron 845 

Balsams 318 

Bamboo 1102 

Banana 1066 

Bananas, region of 1160 


I Bane-berry is A 

Banksift 

Banyan ..1021 

Baobab 108, 784 

Barbadoes Cherry 804 

Barbadoes Gooseberry ... 883 

Barbed 58 

Bark 72, 82 

— v false in Endogens . . 92 

— * ^ functions of 109 

, mode of its increase . 86 

— rupture of 87 

. separation of outer 

layers of 88 

Bark-bread 1046 

Bark, Peruvian 903 

, false 903 

, fever 903 

Barley 1100 

Barosma 828 

Barringtoniesa 866 

Barry on Cell-formation . . 22 
Basil, see Basilar. 

Bases, organic 321 

Basidia 1122, 

Basil 

Basilar 451 

Bassia 937 

Bassorin 303 

Bast, or Bass 29, 788 

Bast layer 83 

Batatas 956 

Bay-Laurel 85fr 

Beaded-vessels 37 

Bean 850 

Bean-caper 826 

Bearded 60 

Bebeeru 994 

Beech 1037 

Beech-drops 968 

Beet 987 

Beet-sugar 306 

Begomace® 992 

Bell-shaped 380 

Belladonna 961 

BelviBiaceffi 874 

Bengal Hemp 850 

Ben-nuts 853 

Bent or Marram 1103 

Benzoin 932 

Berberidace® 74 $ 

Berberry or Barberry fa- 'W 

mlly 74T 

Bergamot 796 

Berry 550 

Betel-nut palm 1066 

Betel or Betle-pepper — 1082 

Betuline® 1068 

BhanT 1920 

Biennial 638,711 

Bifid 370 , 

Bifurcate 46*1 

Blgnoniace® . 

B! :::::::::::::: w 

Bilabiate 883 

Bilamellar 457 

Bilateral 456 

BiUmbi fruit 821 

Bilocular .405, 440 

Bindweed family .w. .. 955 

Bipartite. ,^*72, 454 

Biptnnate 152 

Biplnnatifid 147 
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Paragraph 

Blpinnatlpartite 147 

Birch 108S 

Bird-lime *•* 899 

Bird-pepper .. 

Blrthwort family 100£ 

Biscuit-root 

Bistort 001 

Biternate ***• 

Bitter- Almond'. 855 

Bitter- Apple 872 

Bitter-Sweet 881 

Bi valvular 530 

Blxese 766 

Black- Alder 841 

Black-Bryony 1052 

Bladder-nut 839 

Bladder-Senna 850 

Bladder-wort 878 

Blade of leaf 138 

Blanching 300, 690 

Blotting 567 

Blight 698,1126 

Blood-root 1071 

Boards for pressing plants. 1227 

Bohun-Upas .....1022 

jBKpnbace® 783 

Bambax 784 

Bones, as a manure 246 

Bonplandia 828 

Borage 859 

Boraglnace® 958 

Borassincffl 1085 

Borneo-Camphor 790 

Botanical excursions 1232.1236 
Botany, object defined ... 1 

, departments of . . . 1 

Botbrenchyma 10, 36 

Bottle -Gourd 872 

Boucherle’s method of pre- 
serving timber 270, 699 

Box-tree 1018 

Brachyphyllum 1197 

Bract 824, 844 

Bracteole 833 

Bractlet 333 

Branches 188 

Branching of trees 67 

Branchlets or Twigs 188 

Braasicacoae 758 

Brazil-nuts 867 

Brazil-wood 851 

S ad-fruit 1022 

ad-tree 3048 

xlacese 824 

Bristles 57 

Britain, Flora of 1169 

British plants, distribution 1167 

Brocoll 762 

Bttnaeliace® JO 75 

Brongnlart, Fossil Flora. .A193 

Broom 850 

Broom-rape 252, 963 

1* 947 

^Jace® 886 

finfeoniace® 919 

Bfyony 872 

Bryopnylhun 199, 880 

Buck-bean 949 

Back-eye 807 

Buckthorn 841 

Buoka or Buchu 828 

Bock- wheat*. 991 

Bud, leaf 180 

* floral , . . 824 


Paragraph 

Baaafeig 181, 573 

Ettas; latent 489 

_ — on leaves . . t 199 

Bulb.^scaJy or naked 195 

jtunicated 194 

Bulbils 198 

Bulblets 198 

Bulrush tribe ....1092 

Burdock 910 

Burgundy-pitch 1046 

Bumt-pahn 1086 

Bunnanniaceee 1069 

Bursere® 844 

Burslcula 10 r >8 

Bush, defined 68 

Butea 850 

Butomacese 1089 

Butter of Cacao 786 

of Canara 790 

Butterfly-weed 943 

Butter-tree of Park 937 

Butter-wort 973 

Byttneriacese 785 


Cabbage 762 

Cabbage-Palm 1086 

Cabbage-tree 850 

Cable-cane 1086 

Cabombace® 749 

Cacao-beans 786 

Cactace® 882 

, Region of 1155 

Cactus family 882 

Caducous 366, 385 

Cffisalpinle® 848 

Caffeine 905 

Cajeput 867 

Calabash-tree 951 

Calamites 1190 

Calamus 1190 

Calathlum 336 

Calcar 368 

Calcarate 363, 373 

Calceolaria 965 

Calceolariese, Region of . .1155 

Calceolate 381 

Calculate 347, 364 

Calluna 931 

Calophyllum 799 

Calotropis 943 

Calumba 747 

Calumbln 747 

Calycanthaceae 856 

Calycerace® 909 

Calyciflor® 390, 835 

Calyptra 1144 

Calyptrate 366 

Calyptrimorphous 104 

Calyx 850 

», forms of 858 

— — , tube of 362 

, limb of 362 

, venation of 359 

Cambium 81 

cells 309 

Cambogia Gutta 799 

Camellia . . . . 

Camelllace®, Region of ..1155 

Camera-lucida 1210 

Ccpnpanulace® 922 

Camp-nulate 380 

Cam peachy- wood 851 

Camphor........ 9 94 


. . 189 Clm ptotropaJ.w 466 

.. 199 , CampylospH&mHfe - 

..195 Campyiotropal ...466, 584 

395 Campylotropous 466 

.. 194 Camwood 851 

..198 Cauada-Bafoam .....1046 

...198 Canada- Rice 1100* 

. . 1092 Canary-seed 1 10ft 

. . 910 Candleberry .,..1036 

..1046 Cane-Sugar 804 

..1086 CSanella 810 

..1069 Canker.... 1 . 692 

. . 844 Cannabis *......1020 

,.10 r »8 Cannabine® 1019 

. . 68 Cannacc® ...1063 

. . 850 Canoe-birch * 1036 

. . 1089 Caoutchouc 319, 945, 1018, 1021 

. . 786 Caper family. 763 

.. 790 Caper-spurge 1D1T 

.. 943 Caplilaire **2110 

.. 937 Capillary .7997 

.. 973 attraction 267 

.. 785 Capitate 58 

Capitulum 336, 348 

.. 762 Capparidace®. 763 

..1086 Caprlfleation 489 

.. 850 Caprifoliace® 900 

..1086 Capsicln 961 

.. 749 Capsicum 961 

. . 786 Capsule... 554 

. . 882 Caraway. 892 

..1155 Carbon In pi anti 212 

. . 882 Carbon, fixed by light.. .. 286 
56, 385 Carbonic acid given off in 

.. 848 darkness 287 

.. 905 decomposed by 

. . 867 aquatics 289 

.. 951 given off by 

..1190 flowers 475 

..1190 Carboniferous fossils. I18B 

. . 336 Cardamoms 1062 

.. 368 Cardoon 916 

3, 373 Carex 1098 

.. 965 Carlceax, ,873 

,.1155 Carina. 879 

. . 381 Carinal 355 

7,864 Canopsls M2 

. . 931 Camahuba palm K'fVJ 

, . 799 Carnation 779 

. . 943 Carob-tree 851 

.. 747 Carolina Allspice. 856 

..747 Pink-root 947 

. 856 Carpathian Balsam 10-16 

. 909 Carpel 430 

0, 835 Carpology 537 

. i 144 Carpophore 437, 53 3, 54 i 

. 366 Carrageen 1130 

. . 104 Carrion flowers 943 

. 850 Cairot 890, 892 

. 858 Cartilaginous 588 

. 362 Camncules 582 

. 362 Carunculate. 682 

. 359 Caryophyliace®. 778 

. 81 Region of 1155 

. 309 Caryophyllnceous corolla 378 

. 799 Caryopsls 542 

Cascarilla 1018 

.1165 Caseine, Vegetable 810 

.1210 Cashes -nut 326, 843 

. 922 Cassava 302, 1018 

. 380 ___ . 861 

. 851 Cassia-bark - 

. 994 Cassia Fistula 85l 
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Cwstmary-tree 10W 

Camrn* m 

<5Sor-ofl.../ „ioi7 

Cg6»rtne« 

C^tedhn 852 

Caiingas in Brazil........ 205 

c*tk$ 

,Candale Ml 

Caudex. 65 

CUndide 421 

Caufoaceut 65 

CttttUde. 590, 693 

CfwUIcnlus 590 

Cauliflower 763 

CauUnary 160 

Cannae 169 

OaulU 65 

Caulopteetf.,.. 1186 

ie-pepper 961 

1046 

CedyUlacese 811 

Cflfcttdine 756 

Cetasfcracece....... 837 

Region of.. 1155 

Celery 890 

Cell-germ 22 

Cell-nucleus 16 

Cells 4 

— ■* absorption offluidsby 27 

, agglutination of . . . . 13 

— annular 11 

— — containing air 21 

— — * cortical 84 

deposits in 15 

— *, development of 22 

, dotted 11 

— -t, epidermal 48 

, fibrous, 11 

1 , forms of 5 

— functions of 27 

, nucleated and non- 

nucleated........ 22 

porous 10 

, spiral 11 

Cellularea 8, 1101, 1118 

Cellular envelope ..... .... 84 

tissue...., 4 

Cellules 4 

Cellulose 2, 14 

Centaury 949 

Centrifugal. ....... ...... 382 

Centripetal 331 

CephSeli* 904 

Ceramiaeese .1128 

Ceraalne 803 

Ceratophyllace® 1023 

Cereal grains, their disse- 
mination 1142 

Census....*. 883 

Ceroxyfon 1086 

Cetmia . iiai 

CettSTin 1121 

OevtdlUa ...1080 

Chaffletiaceas 1004 

Chalaaa .....465. 583 

ChaJfcfossils 1197 

CbaBE-plaut* 1139 

Chamffilauciess 866 

Chammrops 1086 

Chamomile 917 

Chandelier -tree 1091 

Chart 1130 

— -, carbonate of lime in 227 
—.rotation in .. ....... 276 


Par apr ark 

Cbaraceae 1128 

Characters of plants.... 711 

—*rs essential 711 

—/natural 7U 

, in the natural system 720 

— , subordination in value 

Of 721 

Charcoal as a manure.... 246 

Chelidonium 261, 756 

Chemical composition of 

plants 208 

Chendpodlace® 966 

Cherry 855 

Cherry-Laurel 855 

Chervil 890 

Chestnut 1037 

Chian Turpentine 843 

Chick-pea 63 

Chlckweed family 778 

Chicory 918 

Chili-nettle 870 

ChiUieB 961 

Chlnese-grass 1020 

China-bark 908 

Chiretta or Chiraita 949 

Chive 1078 

Chbenacero — 791 

Chloranthneeaa 1029 

Chlorophylle 19, 816 

Chocolate 786 

Chorization 383 

Christ’s-thom 841 

Chromatometcr 671 

Chromogen 676 

Chrysoba'ane® 854 

Churru8 1020 

Cicatrices 104 

Cicatricula 140 

Cichoraceae 912, 914 

Cicuta 893 

Cilia 7. 657 

Ciliated 7, 58 

Cinchona 903 

, Region of . . . . ,1155" 

, stipules of 160 

Clnchonese 902 

Cinchonia 903 

Cinenchyma 38 

Cmenchymatous 261 

Cinnamon 994 

Circlnate 185 

Circulation in Exogens.. 2f4 

Endogens 265 

Circumscissile 411, 535 

Circumscription of leaf. . 139 

Cirrhus 157, 201 

Cistacese 767 

Ci stoma 52 

Citron 796 

Citrus 796 

Cladenchyma . 5 

Classes, defined 710 

Classification, principles of 704 

Clathraria 1197 

Clavate 58, 896 

Claw 370 

Clearing-nut 947 

Cleft 146 

Clematdde© 789 

Cleome® 763 

Climate, continental 118* 

■ ■ ■■■■, Insular 1156 

Climate and season, their 
effects .....1141 


Paraffrevh 

Clinandrium 4.1 

CUnanthium 826 

Clave-pink 779 

Clove-tree 867 

Clever 850 

Cloves, ytrong bulbs ^194 

Club-moss family .1112 

Club-shaped 58 

Clusiaceas 798 

Cluster 888 

Clustered 660 

Coal .....1188 

Coal Enoch, climate Of ...1181 . 

Coal of Hum ns 334 

Coca 803 

Cocci 583 

Coculus 747 

Cochineal-Cactus 883 

Cochloariform 878 

Cockscomb 985 

Coco 1093 

Coco-nut Palm 1066 

Cocoa 786 

Cocoineae ...1085 

Coddington lens ........ 1206 

Codeia 766 

Coelo sperm® 686 

Coffee tfe§ 

Coir-rope 1086 

Colchleeffi 1079 

Colchicia 1080 

Colchicum 1080 

Coleorhiza 127 

Collateral 47* 

Collecting hairs... 59, 458, 4» 
Collecting of plants 1223, 1238 

Colienchyma 13 

Collomia 958 

Collum 119 

Colocynth 873 

Coloquintida 872 

Colours of plants 671 

of epidermis 49 

of flowers in differ- 
ent order* .684, 685 

, changes in 688 

in autumn 675 

in a garden 686 

prevailing in cer- 
tain countries... 1160 

Colouring matters 822 

Colpenchyma 

Coltsfoot gag 

Columbine 978 

Columella IWr " 

Columelliaceae 

Columna. column 400 

Columnar 5 

Corabretacese 663 

Comtoelynacese wJUm 

Commissure JI6 

Compos! tse 910 

, Region of l|g|‘ 

Compound Organa ... 

Com pressorium ...... . 

Coneeptaeles 

Concostate 144 

Condeaecr 1307 

Conducting Tissue. .. . . 483 

Conduplicate 185, 600, 601 

Cone 334, 5o9 

Conenchyma 6 

Confervaceae *. ..l^l * 

Coni* 8W 
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Conical cells 5 

. root 124 

Conlfor® 1 44 

Cotilumycetcs . 112i 

Coniothftlamese H 20 

Conhim. , 893 

Conjugation 492 

Counarace® 848 

Connate 168 

Connective. 405, 408 

Connivent 350 

ContinuoiiS.'I'v, 140 

Contorted 124, 354 

Conttayerva 10*2 1 

ConraHarie® 1077 

Convolute ,...185, 355 

Couvolvnlace® 955 

Cqpatfera 851 

Copalva 851 

Copper in plants 229 

Coqullift^nut 1088 

Coral-flower 850 

Copalima 1129 

'In e-root 125 

am 59*2 

> 150, 374 

ace® 957 

Coriander 892 

Coriariace® 834 

Cork 85 

, cells of 6 

Cork-oak 1037 

Cofcky layer of hark 85 

Cohn 70, 195 

Cormogen® 1105 

Cornace© 

Cornel family 896 

Corolla 350 

— — , forms of 368 

" — , irregularity in. . . . 887 

, irregular monope- 

talous or gamopetaJoua. 381 

, irregular polypeto- 

lOUfl 379 

«, regular monopeta- 

lous or gamopetalous ... 380 

.regular polypetaluus 378 

Corolliflor® 390, 920 

Corolllne hairs 61 

Corona, crown 684, 942 

des of Brown .... 510 

l Moss ] '30 

Integument . . 92 

OoSSlcal System 82 

Cory lace® 1033 

Corymb 383 

Corymbifer® 912, 914 

Cogahtee® logs 

Costate, ribbed. 

8, 29, 782 

Cotton-grass 1098 

COtiWaons. .108, 586, 590, 599 
— . folding of .... 6oo 

Cowbane aaa 

Cowberry ..... eve 

Cowitchor Cowhage . *. ! .* ?*850 

Cow^plant of Ceylon 943 

Cowalp 975 

Cow-tree 1022 

Cow-tree of Pemerara. . . . 945 

Cow^wfceat..:***. 065 

Cranberry 928 

Ciaues-bul 816 J 


I PArafrapk 

l Crape-paper 1021 

Crssaulacc® *.... 880 

Cnwnocarp .....533, 543 

Crenate.. 146 

Crescentie© 95C 

Cress 762 

Cress-wort family 758 

Crested 372 

Crisp 150, 874 

CroOus 1068 

Croton-oll 1017 

Crowberry 1013 

Crowfoot family J38 

Crown-Imperial 1078 

Crown of the root 70 

Crucifer® 75S 

.Region of 1155 

Cruciform or Cruciate cor- 
olla 378 

Cryptogamic Reproduc- 
tion 492 

Cryptogamous plants 323, 1104 
Region of.. .1161 

Crystals in cells 18 

Cubebln 1032 

Cubebs 1032 

Cuckoo-pint 1093 

Cucumber 872 

Cucumites 1202 

Cucurbltace® 871 

Cudbear 1121 

Culm 65 

Cultivation, its effects on 

flowers, Ac 655 

Cumin 892 

Cuneate 150 

Cunonie© 885 

Cupanoides 1202 

Cuppressine© 1045 

Cupula 847 

Cupuhfer® 1033 

Curcuma 1062 

Curled 150 

Currant 884 

Currant of Australia 929 

Curvembry® 960 

Cuscute® 955 

Cuspidate 372 

Cuspis 372 

Custard-apple 745 

Catch, same as Catechu. 

Cuticle 45 

Cuticle of Petals 369 

Cyanic series of colours . . 679 

Cy cad ace® 1047 

— fossil 1197 

Cycadites 1197 

Cyclamen 975 

Cyclanthe© 1090 

Cycle 17i 

CycJogens 77 

Cyclosis 261, 262 

Cylindrenchyma 5 

Cylindrical 5 

Cymbiiorm 373 

Cyme 339 

Cymoee 339 

Cynarocephal® 912,914 

Cynarrhodum 541 

Cyperace® ,....1097 

Cypresr; 1046 

Cypetla 543 

Cyrtandre® 950 

CystidU 1122 

2 G 2 


0y*6 r% 

Cytoblasteroa. . 1* 

Cytogenesls 23, 35 

Dadoxylon 1184, 1196 

Daadalenchyma ... 5 

Daffodil, 1071, 1073 

Dahlia 653 

Dammara 1046 

Daacee® ,,,.,1109 

Dandelion 918 

Daphne ...1002 

Daphne® , ,1001 

Darnel-grass 1101 

Date-palm ... ..1086 

Date-plum 9:»3 

Datlscace® 1012 

Datura 961 

Day-lily 

Deadly-olghtshade 961 

De Candolle’s System .... 728 

Decandrous 894 

Deciduous 366 385 

Tiees 205 

Decllnate 420 

Decompound 162 

Decurrent 163 

Decussate 160 

Deduplication ,.383, 654 

Definite Inflorescence 338 

— Ovules 472 

— vascular bundles 91 
Degeneration of Organs .. 65 1 

Dehiscence 410. 530 532 

Dehiscent fruits. -530, 532, 546 

Delphinium 740 

Dentate 146 

Deodar ..1046 

Deposits in cells 15 

Desmidie® 1128 

Dcsmodium, Movements of 663 

Dextrin 302 

Dhak-tree 850 

Diacliamlum 543 

Diachyma 137 

Diadelphous 399 

Dialycarpous 538 

Diandrons 394 

Diapenfrte®.". 954 

Diastase 307,310,621 

Diataxis 704 

Diatomace® 1128 

Dlchlaraydeous 351 

Dichotomous 99, 338 

Diclinous 388, 048 

Dicotyledones 786 

Dicotyledonous 71. 390 

Dictyogen® 101, 1048 

Dldymocarpe® 950 

Didynamous 419 

Digestion of plants 283 

Digger J3240 

Digitaliform 380 

Digitalin 965 

Digitalis .965 

Digitate 148 

Digitt-partite ........ ....148 

Dilamination... 883 

Dill 892 

Dilieniace® 74L 

Diluvial 1202 

Dimerous 643 
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Dteomic 1151 

Dioecious 369, 648, 718 

Dionea ..664, 771 

DJascoreace® .* 1061 

XHocmete 837 

Dtpetalous 875 

Diplecolobee 759 

TXpk# . 187 

IMplosteraonous 893 

Dipaocacoac 608 

Dtpterocarpace® ^8$ 

Dischidial !*. .* .* ! 1 *. ! ! 943 

Dtodform 75 

Discoid .... 75, 911 

Discostatfe 144 

Discs 80 

Diseases of plants 689 

prevention of . . . . 699 

•*—**<* — caused by fungi . 693 

caused by insects 700 

Disk 428 

Dissected 148 

Dissection of plants 1220 

Dissemination of plants. . .1142 
.■ - agents employed.. 1142 
Diaaeptment . . _ 

spurious. .... 447 

Dlsstilenfe 633 

pfttlchous 170 

Dfstractile 409 

Distribution of plants over 

the globe ...,1146 

endemic 1143 

Dlthecal 405 

Dittany . ft 828 

Divergent 359 

Divi-divi 851 

Divisions of Vegetable 

Kingdom 723 

Dodder 252, 956 

Dodecahedral 5 

Dodecandrons 394 

Dogbane family 944 

Dog-tooth Violet 1078 

Dolabriforra 150 

Doom-palm ^ . .99, 1084 

Dorsal -suture.. 438 

Dorsiferous ferns .*..1108 

Dorstenia ..............1021 

Dotted cells ............ 11 

vess< Is 35 

Double coco-nut 1086 

Doublet 1205 

Dracaena 991,1078 

i >ragon’»-blood 1086 

Draining 616 

Drifted plants 1192 

Drimya 743 

Dvoseraees}.. 770 

Drupacete 854 

Drape 545 

■Drdpels 645 

Drying plants 1227 

Dry-rot 697, 1146 

Duckweed 1101 

Ducts, closed. 34 

Dulcamara 9t.l 

Dulse * 1180 

Dumb-cane 1101 

Dmnose 68 

Durans * 68 

Durability of heartwood . , 78 


P*ragr+ r* 

Duramen.. 78 

Durian 784 

Durmast 10S7 

Dufra 198 

Doit-brand 694 

Dutch Reed 226 

Dutch Rashes * ..1107 

Dwale 961 

Eagle-wood .1003 

Earcockles 700 

Earth-nut, or Pig-nut.. .. 890 

Ebenacesa 933 

Ebony 78, 850, 933 

Ebracteated 345 

Egg-apple 961 

Ehretle® 958 

Eiaaagnace® 99 9 

Eleocarpe® 787 

Elaaodendre® 837 

Elat'jrinm 872 

, bursting of cap- 
sule Of 27 

Elatere ..1116 

Elatinace® 777 

Elder..... 901 

Elecampane 917 

Electricity in germination 614 

Elemi 845 

Elephant’s-foot 1052 

Ellipsoidal . . . . M 5 

Elliptical 150 

Elm 1020 

Emarglnate 150, 372 

Embryo, acotyledonous . 591 

, development of . 502 

dicotyledonous .. 687 
direction of its 
partsduringgermination 624 

, formation of . . . . 586 

growth of 622 

— , monocotyledon- 

ous 595 

, parts of 590, 592, 693 

, polycotyledonous598 

, position in the 

seed 

pseudo-monoco- 
tylcdcmous . 

fixed 181 

Embrvo-buds 19G 

Embryo-sac 463 

Embryology 501 

Embryonic vesicle 607 

Erabryotega 583 

Emetin 769, 904 

Empetrace® 1014 

Enrulsine 310, 655 

Endemic distribution of 

plants 1145 

Endive 918 

Endltcher’s System 730 

Endocarp 524 

Endochrome 493 

Endogen® 1049 

Endogenites .....1197 

Endogenous, ormonocoty- 
ledonons stem 71, 91, 94, 107 

, anomalous .. . . 101 

, branching .... 99 

— , subterranean.. 100 

Endophlmum 82, 88 

Endopleura 578, 580 

Endorhizal 127, 628 


Endosraometcr 254 

End osmose .27, 254, 255 

Endosperm 587 

Endospermic 587 

Endoltome — 464 

Entdothecram 402 

Eaoeandrous ..... 394 

Ennobling fruit-trees.... 574 

Eneifbrm 150 

Entangled .. 5 

Entire 146 

Entophytlc 696 

Envelopes of the flower.. 351 

Eocene 1180 

Epacridace® 982. 

.Region of.... 1165 

Epiblema 47, 120 

EpJcalyx 864 

Epicarp 524 

Epichifium .1058 


, cells of 48 

, colour of... . 

-, functions of. 
papillae of. . 57 

silica in ... . 49 

— , texture of. . 49 

wax on 49 

Epigeal 

Epigynous 390, 449 

Epipetalous 890 

Epiphlooum 82, 85 

Epiphragm 1114 

Epiphytes 121, 251, 1139 

Epipolic 281 

Epirrbeology 1132, 1134 

Episperm 578, 579 

Epithelial 463 

Epithelium 43 i 

Equal 146 

Equisctace® 1106 

Equjsetum, fossil 1197 

, silica in 226 

Equitant a. .. 186 

Elect 4 8 

, ovule 471 

Ergot 696, 1103, 1126 

Ericaceae 980 

Eriocaulon 1095 

Eriogone® T /w 0 

Erythrophylle 

ErythroxyJaeeae 

Escallonie® "886 

, Region of . . . . 1155 

Eschscholtzia ...366, 766 

Essences 317 

Essential organs of the 

flower *...4 4S51* 

Et*rio 545 

Etiolation 300 

Eucalypti, Region of...,,j||§5 

Eucalyptus 

Euonyme® f. «87 

Euonymus 838 

Euuhorbiace® ..... 1014 

Euphorbinm ^ 1016 

Evening Primrote.. 8f»8 
Evergreen Oak — 1° 37 
Exalbumlnous , 587 

ExarnuIateF^jNp' rTf; t • -DOS 
Excentric 

Exhalation .. .. ; •«** 203 

Exmnne 422 
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Exogen® - _ 

Exogenous stem * * 

Exogonium i. v >. JgJ 

Exorhlxal.,.). 126, *629 

Exosraose .27 

Exostemma w? 

Exostom© ............... 464-. 

Exotheclum. ... " 

Expansion of flowers.,.. 391 

•'** 881 

Exserted 417 

Es stipulate 168 

Exttne 423 

Extia-axlllary 196 

Extrarins 603 

Extrorse 412 

Eye-bright 9(55 

Eye-piece 1207 

Eyes of potato 70 

Fabaceae 847 

Fairy Rings 1125 

Fall of the leaf 205 

Faise-bavk 92 

— - Tracheae 35 

Falsely-discoid 911 

radiate 911 

Fan Palm is Corypho. 

Farinaceous 

Fasciated 197, 327 

Fascicle 339 

Fascicled 650 

Fasciculate 175 

Fasciculated 114, 125 

Fasciculation of branches. 190 

Faux 877 

Feather-grass Is Stipa pen- 
nata 

Feather-veined 144 

Feathery 365 

Fecundation . 496 

Fenestrate 138, 555 

Fennel 890, 892 

Fenugreek, a species of 
Trigonella. 

Ferns , 1108 

, fossil 1186 

— , during coal epoch ..1191 
— *■». how to prepare ....1223 
FS£Wle flowers 649 

Fpjpttzatlon . 490 

FesOhe -grass 198 

feverfew.... 917 

Fibre in cells 11 

, in spiral vessels .... 34 

, woody 29 

Fibriue, vegetable 310 

Fibrous cells 11 

— root 125 

Flbro-cellular Tissue .... n 
Hkto*vascular Tissue .... 31 

FiQ$d«B 881 

Ficus 1021 

, Region of , 1162 

Field-book, ,.1224 

r ioa 

Fig-wort 905 

Filament 

...... 389 

Flllee#% 1108 

Filiform, thread-like .... 453 


Fimbriated ...7...Ts?2 

Firs 1046 

Flsslparous 493 

Fistruar 164 

Flabcllaria H90 

Flacourtlace© 766 

Flagellum 191 

Flax 29, 818 

, New Zealand 29 

, Pita 59 

Fleshy 588 

Floral axes .....825,327 

Floral calendar 481 

— — clock or watch .... 488 

Floral Envelopes ........ 851 

, development of 386 

, functions of . . 473 

Floral leaf 324, 344 

Florets 382 

FlorideaB ,...1128 

Flosculous 911 

Flower 3 0 

, position of its parts 857 

Flower-buds 824, 854 

Flowering, period of — 478 
», mode of accelerat- 
ing 479 

Flowering-ash 941 

Flowering plants 823 

Flowering-rush 1089 

Flowerless plants . 3^3 

Fluids of plants, special 

movements of 275 

Foliaceous 859 

Folio! a 145, 151, 858 

Follicle 547 

Fool’s Parsley 893 

Foramen 464 

Forked., 406 

Fossil Botany 1174 

, plants 1174 

, their structure — 1175 

, state of preservation 1175 

, arrangement of 1176,1177 

, their number 1181 

of Carboniferous 

system 1186 

— — - of Secondary strata.1197 

of Tertiary strata... 1^01 

Foseillferous strata 1179 

Forbes Marine algae ...... 1165 

Forbidden-fruit .*796 

Forget-me-not 959 

FovUla 423 

, its use 504 

Foxglove 965 

Francoese 880 

Frank enlace®... 776 

Frankincense 1046 

Fraxlneae 940 

French Berries 841 

Friar’s-balsam 932 

Fringed 372 

Fri tillary 1078 , 

Frogbit Family J057 

Frond .1108 

Fruit .... 520 

, changes during its 

formation., 522 

, pfuf* which form it 

520, 527 

■, maturation of 561 

, how accelerated .... 568 
Fruits, analysis of. ....... 566 


! Fruits, arrangement <*•**$» 

— — , preserved ..1280 

| Frciex, shrub 

Fruticose. .. 

Fucacete 1129 

F&Chsta 868 

FuHer’8 Teazel 96® 

Fumariacese 7S7 

Fumitory family 7&T 

— H«dible 11*4 

— — , how to prepare . . . , WB 

■ , in cutaneous disease! 1126 

, on caterpillars 1126 

>, phosphorescent...... 1125 

, poisonous 1124 

Fungus melitensis ,..1109 

Funiculus 462 

Fusiform 5, 29, 

Fustic, morns tinctorla. . . .1921 

Galaciese 

Galactodendron 1922 

Galangale 1062 

Galanthus, Snow-drop . . . 1072 

Galbanura 891 

Galbulus 559 

Gale 1085 

Galeate 381 

Galiere 902 

Galipea 828 

Galls 701, 1037 

Gama-grass 1100 

Gamass or Squamash . . . .1078 

Gambeer w . . . . 905 

Gamboge 799 

Gamogastrons 435 

Gamopetalous 376, J380 

Gamophyllous 368 

Gamosepalous 968 

Gangrene 692 

Garlic 1078 

Garryacero 1040 

Gases, their effects 292 

- irritant 293 

.narcotic 293 

Gasteromycetee 112.3 

Gasterothahune® 1120 

Geissolomess ., . . * 10 *0 

Gemmation....,,.. 184 

Gemraule 590, 598 

Gen ei a, defined 7<>3 

Geniculate 397 

Genthmace® 948 

Gentian 949 

Geo- Botany — 1174 

Geoflrova 850 

Geography of plants 1131 

— Influence of external 

agents on 1182 

of temperature . , 1135 

of moisture 1138 # 

Geranlacex 815 

Germca 429 

Germinal vesicle 510 

Germination. 

G lamination, acotyledon- 
ous 

, chemical changes 

during 621 

, dicotyledonous..,.. 829 

, length of time re- 
quired for 632 
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. ■■ — , progress of 622 

, requisites for .... . 60S 

Gesneraotse 926 

Gibtodw ;■*.* 871 

Gillfesiace* mi 

Gills 1122 

Ginger 1062 

Ginfo 

Ginaeng 8*5 

Glabrous flO 

Glands 62 

lenticular .. 66 

, nectariferous 63 


stalked 62 

— , vesicular 63 

Gtacdular hairs 61, 62 

Glandular woody tissue ... 30 

GUns 644 

Globo-amaranth 885 

Globule, in Ohara 427 

Glochidiate 58 

Glomerulus 886 

Glossology 704 

Glucose 807 

Gltonftce» 1006 

Glbmell® 1099 

Glumelhil® 1099 

Glumes 349 

Gluten 310 

Glycyrrhlia 350 

Gnetaceae 1045 

GcMfussia 971 

Goodeniace® 920 

Goeseberry 884 

Gossyplum 782 

Gourd - 872 

Graft 5(>9 

Grafting 669 

— . views of K niff lit 

regarding 571 


— , Its effects 

Grains, cereal . .. . 

Grains of Paradise. 

Grain inesp 

Crrtpe-sugar .307 

Grasse* 

— . — , Ifcegion of ...... . 

i. — . . forPastuve 

, ftstular stem of.. . 

Grass of Parnassus 

Grass-tree 


plants 

Green hearted- tree . 


Guano. Britfcfo... .^*5 

Guarana.. , 807 

Guava 867 

Guelder Rose .. 901 

Guernsey Lily, is Nerlne v 

•arniensie .1037 

Gulfweed 7129 

Gum 303 

Gum-Arabic 852 

Gum-Dragon 850 

Gam-Uc 830 

Gum-tree of New Holland 867 

Gunjah 1020 

Gutta percha 819, 937 

Guttifer© 798 

Gymnogens 732 

Gymnosperm© 1048 

Gymnospermous 576 

Gyrnnosperms, Keign of.. 11 94 

Gynandrous 400 

Gynizua . .. ..433, 458 

Gynobase 452 

Gynoecium.. 429 

Gynophore 437 

Gynostcgium 942 

Gynostemium 400 

Gyrate 840 
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Hellebore© 789 

fielleborus 740 

fielwinglace© ..... .... ..1040 

HcraerocuUidepe 1077 

Hemicarp 543 

Hemidesmus 943 

Hemlock 893 

Hemp... 1020 

, fibres of 29 

- — Indian 1020 

Henbane , 901 

H enfrey on Oyrogonesis . . 23 
Henna — . — . — .. .. 868 
Henslow’s comparative 
view of different natural 

systems 734 

Hepatic© 11 16 

Heptandrous 894 

Herbaceous 859 

Herbarium 1229 

paper for 1£29 

Herbs, denned 68 

Hermaphrodite 888, 718 

Hernandie© 1901 

Hesperidium *552 

Heterocephalous 911, 914 

Heterochromous . . 910 


.1099 

Gyroearpe© 

.11 862 

Heterogamous 

..911,914 

1099 

Gyrogonites 

...1202 

Heteroihlzal 

..123, 629 
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Heterotropal 

464 

310 

Habitat 

... 713 

Hexagonal 

5 

850 

Hsematoxylon 

... 851 

Ilexagomenchyma 


.1045 

Hremodorace© 

...1070 

Hexandrous 

394 

971 

Hairs 

... 57 

Hiatus 

381 

1119 

, circulation in .. 

. .. 64 

Hibernncula 

182 

1119 

. collecting 

..59, 64 

Hibiscece 

781 

920 

, eorolllne 

... 61 

Hickory-nut 


884 

of cotton 

... 59 

Hightea 


782 

of cowitch 

. .. 58 

Hilum 

. .462, 683 

872 

, functions of .. .. 

... 64 

Hippocrateacese 


509 


. . . 61 
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, ii ri table 
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Hirtus 
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Hog-plum 

843 

573 
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935 

. 574 

, ramentaeeous .. 

... 67 

Hollyhock 

782 

.1100 

, retractile 

... 59 

H omul i ace© 

1006 

.1062 

Hairy 

... 60 

Homocliromous 


.1099 

Halbert-shaped 

... 150 

Homodromous 


l , 814 

HnTf-equitant 

... 186 

Homogamous 

, m;m 

.1099 

Halophytes 

228, 987 

Homotropal 


.1161 

Halorageacese 

... 869 

Honeysuckle 

901 

. 198 

HamaraelKlace© .... 

... 887 

Hooked 

68 

. 99 

Hand-plant — . 

... 784 

Hop 


. 771 

Hare-boll family .... 

... 92 2 

Horehound 

9<‘ 7 

1078 

Hare’s foot fern 

...1110 

Hornbeam ....... ,7 


f 

Haschisch 

...1020 

Hornwort family . . . 

10?3 

. 672 

Hastate 

150, 374 

Horse-chestnut . . . . . 

807 

>f 

Hazel 

...1037 

Horse-radish 

-762 

. 19 

Heart-shaped ........ 

150, 374 

Horse-radish tree . . . 

853 

. 994 

Heart’s-ease 

... 769 

Horse-tail family . . . 

1106 

..1129 

Heart- wood 

... 78 

Hottentot’s fig ..... 

881 

. W9 

Heat during flowering 

... 475 

Honseleek 

. 980 

. 876 

Heath 

.... 927 

Hoya. .. mA, 

843 


Grevlllea ... 998 

Grossulariace© 884 

Ground-nut...... 850 

Guaco ................... $17 

Gmdacum 826 

Guano 248 

—^analysis of different 


Heather 927 

Hebradendron 799 

Hedge-hyssop 965 

Helicoidal 840 

Helictere© 783 

, Heliotrope 959 

Hellotropieffi 958 

Hellebore, white 1080 


Huannco-bsrk . It 
Humulus 
Humus 


Hya-hya 

Hyadnth 

Hyaline of Barry 


1020 

..212,234 
1046 

945 

10 n 

16, 22 
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Hybridization, as , 
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Hybrid!, production of - 416 
Hydrangeas * ** . * v « 4 * 
HydrocEaridimOa ..-***. 4057 

Hydrogen in plants 314 

— , sources of , 814 

Hydrophyllacera 944 

Hymeninm... *4122 

Hymenoroycetea 1128 

HymenophySe® 1109 

[ymenothalame® ..,,..1120 

Hyoscyamta * 961 

Hyoscyamns 9R1 

Hypanth odium 886 

Hypericace® *, 797 

Hyphomycetes 1128 

Hypocarnogean 607 

Hypochilium .....1058 

Hypocrateriform 880 

Hypogeal 629 

Hypogvnous 390 

Hypoxidace® 1074 

t ypsoffietrical 1137 

yasop 967 

Hyssop of the Bible 764 

Iceland Moss 1131 

Ice plant 881 

Idiothalame® 1120 

Ignatia 947 

Indue® 034 

Illecebre® 879 

IUicium 743 

Imbricated 183, 355 

Imbricated vernation .... 186 

Imparl-pinnate 163 

Impregnation, various views 

of 503 

— - . summary of opinions 

regarding 515 

Inarching 578 

Included 417 

Incumbent 601 

Indefinite, 00, oo 472, 713 

Indefinite inflorescence . . 333 

vascular bundles 77 

Indehiscent fruits 530. 550 

Indian Cress 822 

Indian-Flg family 882 

igfkn Hemp 1020 

Jadian-Rubber, see Caout- 
chorus. 

Indian Shot 1064 

Indian Tobacco 924 

850 

Induplicate 186. 364 

£ 555 ?“ 

Inencbyma n 

Inferior, applied to parts 

of the flower 857 

Inflated 8^7 

Inflorescence or an thotaxis 824 

-- 1 — compound 332 

, determinate, defi- 
nite, of terminal 833 

— -^indeterminate, i n _ 
deflri^^o^axillary .331, 883 

MtaJSHSiF*"" § 

InnoratkwTyoungiiiiii 
m xnoisea U14 


Inorganic conttlfueiat _ 

plant! 9n 

, mode of ascertain- 
ing their amount 22f 

Inorganic Elements 20£ 

> tabular 

view of 52] 

Inorganic matters, how 

absorbed’. ,.*. M 23C 

Insects causing disease..*. 70C 
Integument, general^..., 45 
Intercellular passages or 

canals u 

- — spaces 13 

Interfollar 166 

Jntemodes .. 67, 169 

lnterpett >lary 160 

Interruptedly pinnate 158 

Intestine... 422 

Intine 422 

IntrariuS 602 

Introrse 412 

Inuline - 302, 917 

Inverted ovule 471 

Invoincel 347 

Involucre, general 347 

, partial 347 

Involute ..1 1H5 

Iodine in plants 228 

, action on proto- 
plasm 14 

on cell-walls 2, 14 

ou starch. .... 17 

Ipecacuanha 904 

Iridace® ..1067 

Irish Moss 1)30 

Irritability 656 

Irritable hairs 58 

Irritant hairs 58 

Iron in plants. 229 

Iron-wood 933 

Isoclieimonal 1136 

Isoetes 11 j 2 

Isomeric 309 

Isotheral 1136 

Isothermal 1136 

Isostemonoos 392 

Ivory Palin 1086 

Ivy 895 

Jack Fruit 1022 

Jagery 

Jalap 956 

Jamal ca Pepper.. 867 

Janipha 1018 

Jasminace® 939 

Jasmine 939 

Jatropha 1017 

Jerusalem artichoke-.. .. 917 

Jessamine 039 

Jesuit’s bark 993 

Jesuit’s drops 932 

Jew’s-mahow 788 

Job’s-tears .*.*..1003 

JonqaiDe 1073 

Juglandace® 1038 

Jujube 641 

Juncace® 10S4 

JuntagOmse ...1088 

Jungermannle®- 1 17 

Juniper ....,,.1046 

Jussieu*! system 727 

Kalumba, see Caiumba. 


Hangsroo^fnws- . v* 

Hava ,..,,.10Sf 

Kaarle-fcee . 104* 

JCeeT 379 

leg** *.,.*;*. m 

Kidney-duped, see It uni- 
form. 

Kino- ..... *50 

KirschenwaSSer — 855 

Knee-jointed, see Geniculate. 
Knots ot excrescences on 

Stems.. 196 

-how formed- IRK) 

Knot-wort fiunfly 879 

Koochla,,.. $47 

Kratnertft 778 

Labellnm, lip 979 

Labia 881 

Labiate) 

, Region of ,*1*55 

Labiate $ffit,*8i 

Labiatiflor©..*. . . *. . .913, 914 

Laburnum.,,. 850 

Lace-bark 83, 1002 

Lacinire 863 

Lacmiated H7, 872 

Laciatemace® ,1098 

Lacmus, some as Litmus. 

Lacquer 843 

Lactucnriojh 918 

Lacuna 12, 138 

Ladanum Or Labdanum . . 767 

LageratrumieaC 857 

Lambls-LettUce. ..807 

Lamellae 457 

Lamellae, or gillaT! 1122 

Latmace® . 96t> 

Lamina. 383 

Laminar meiithal 139 

Lamouroux marine alga. 1164 

Lanceolate.. 150 

Lancewood 745 

Lanpsat 810 

Lan-lioa... ........ 941 

Larch 1046 

u^spur is delphinium... 739 

Lftstrea..*,,, 1110 

Lateral .**4** 357.451 

~ atex....h..; 38, 41 

athroa .. 963 

Latlciferdus vowels .... 38, 261 

Latlsept® 760 

Laurace® 993 

, Region of 1162 

im el 994 

Laurocerasds 855 

Lavender 967 

Laver 1380 

Layering 191 

Leaf- buds... 180 

■ ■ , adventitious or 

abnormal.... 196 

, aerial 193 

r, axillary 187 

— , extra-axillary.1 196 

naked 183 

— — — . terminal ...... 187 

]*eafi epidermis of * 136 

leaflets, see Foliola. 

Jeaf-stalks 155 

ather-wood I002 

s 153 

, anatomy of 137 
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Leaves, anomalous forms of 163 
— — . arrangement on the 

stem .. . 169 

, canline 168 

— — , compound* 15* 

deciduous 140 

— . — , divergence of ... . 171 

— , effects on the air. , 284 

evergreen ....... . 140 

, fall of 2Q6 

— - — , flstular 104 

, floral 168, 824 

w, forms of 145 

, functions of 208 

— , in acotyledons.. .. 167 

, in monocotyledons 166 

in dicotyledons . . . 165 

influence on the 

circulation .... 27 1 

— ***— , primordial 168 

— — — - , radical 168 

, ramal 168 

, seminal 168 

.simple 145 

, skeleton 186 

, spiral arrangement 170 

— , submerged 188 

— — , useful in forming 

wood 117 

Leeotropal 466 

Lecythide® 866 

Leechee, see LitchL 

Leek 1078 

Legume 548 

Legnmine 310 

Legumiiioar. 847 

— s geographical 

distribution of 848 

Lemon 796 

Lemon-grass 1102 

Lenses 1206 

Lontibulanacece 972 

Lqnticels 63 

Lenticular glands 63 

. leopard’s bane 91V 

Lepidocaryin® 108o 

Lepidodendron 1187 

Lepidophyllum 1187 

Leptosperme® 866 

Lepidostrobos 1187 

Lepidote, scaly 57 

Lepis, a scale .......... .. 57 

Letter-wood «... . 1022 

Lettuce 918 

Lianas, or Lianes 

Liber 83 

Lichenes 1119 

Licbenin 892, 1121 

Lichens 1119 

■ , 1 ,., — how to prepare — 1228 

.. ... — , Region of . .1162 

Lid, see Operculum. 

Life of plants, its duration 688 
Light, as affecting plants 1140 

* effects on flowers — 486 

— effects on respiration 284 
— - >, effects of different ray s 2SK> 
— — , effects of different rays 
ORtbecolour of plants672,673 

Lignaloee 1008 

Ligneous tissue 29 

Lignine 15, 308 

Lignum -vitae, same as 

Guaiacum. 


Llgulate . . . 

Ligule 

Liguliflor® . 
Lilac.. 
Liliace® ... 
Lllium 


Lily of the Valley tribe ..1077 

Limb of leaf 139 

petal 870 

Lime-fruit 796 

Lime in plants 227 

, in soils 287 

phosphate o£ as a 

manure 246 

Lime-tree family 787 

Linace® 817 

Linaria 965 

Linden-tree 788 

Lindley’s system 781 

Linear 160, 374 

Linen 29 

Ling 927 

Linnaea 901 

Linnaean system 715 

, its imper- 
fections 718 

Linseed 818 

Lip * 379 

Liquidambar 1035 

Liquorice 860 

Lirell® 1119 

Litclii fruit 807 

Litmus ..1121 

Lizard’s-tail family ..... .1030 

Loasace® 870 

Lobed 148 

Lobeliaceae 923 

Localities or stations of 

plants 1139 

Loculament8 440 

Locuhcidal 632 

Locust-tree 850, 851 

Locusts 334 

Lodicul® 1099 

Loganiace® 946 

Logwood 851 

Lomentace® 760 

Lomentaceous 648 

Lomentum 648 

Longan fruit 807 

Lonicere® 900 

Loosestrife 868 

Loquat 866 

Loranthace® 898 

Lorica, same as iesta. 

Lotus 841 

Lotus of Egypt 763 

Love-apple 961 

Love-lies-bleeding 986 

Lucem 860 

Luminosity of plants 669 

Lupulin 1020 

Lychnophora 917 

Lycopode 1113 

Lycopodiace® 1112 

Lycopodites 1187 

Lyginodendron 1190 

Lymphatic hairs 61 

Lyrate 147 

Lythrace® 857 

MacAhubapalm 1086 

Mace 681, 996 

Macropodous 696 


Madder f^TXt 

Madhttcatree 937 

Madia 917 

Magnoliace® 742 

Magnolias, Region of ... .1166 

Mahogany 812 

Maiden-hair fern, is Adi- 

anttftn 1110 

Maize 1100 

Malesherbie® 876 

Male-shield fern 1110 

Malicorium 650 

Mallow faJmily 781 

Malombo bark 832 

Malpigliiace® 808 

Malvace® 781 

Mammee Apple 799 

Manchineel 1016 

Mandragora 961 

Mandrake 961 

Manganese in plants 229 

Mangifera 843 

Mango 843 

Mangold-wnrzel 987 

Mangosteen 799 

Mangrove 860 

Manlhot 1018 

Manioc 1018 

Manna 867, 941, 1044 

of Mount Sinai — 776 

Manna-Ash 941 

Manna-Sugar 306 

Mannite 300, 941 

Manteilia 1187 

Manures, active ingredients 

Of 243 

ammoniacal .... 243 
application of . 240 
comparative value 
of . 24 2 

experiments with 249 

liquid 24b 

natural 241 

, simple 241, 24(> 

Manuring with green crops 247 

aea weeds v47 

Maple 805 

Maple-sugar 30i> 

Marantace® 1063 

Maraschino 856 

Marcescent 367 

MarcgToaviace® 800 

Marchantie® 1117 

Mare’s-tail family . ...... 869 

Marginal placenta 438 

Marginate calyx 364 

Marine plants 1139 

Marine vegetation, zones « 

of 7... ..77. 1163 

Maritime plants 1139 

Marioram 867 

Marking nut 843 

Marmalade fruit 937 

Marsh-Mallow 782 

Marsh -Trefoil 919 

Marslleace® 11U 

Marvel of Peru ..<.%; .. 983 
Masked, sec Personate. 

Mastic 843 

Mat* 

Matico or . .1032 

Maturation offriBp^ 661 

— — , changes during its 
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Mattulla 67,06 

May-Apple 740 

Meadow plants 1139 

Meadow-saffron 1080 

Mealy 688 

MeconicAcid 766 

Medlck 650 

Medlar 855 

of Surinam 937 

Medullary Bays or Platea 89 

, position of 72 

, functions of 109 

Medullary Sheath 76 

, its functions 109 

Meiostemonous, see Mio- 
stemonons. 

Melaleuca 867 

Melantliaec® 1079 

Melastomace© 863 

, Region of . .1156 

Melegueta pepper 1062 

Mcliace® 809 

Melilot 860 

Melloca 878 

Melon 872 

Mcmecilero 863 

Meniscus 1205 

Menispermace© 746 

Mentha 967 

Meny an these 948 

Merenchyma 5 

Mericarp 543 

Merlsmfttic 493 

Merithal 169 

, laminar 189 

-• , petiolary 139 

, tigellary 189 

, vaginal 189 

Merithalli 639 

Mesembryace© 881 

Mesembryanthema, Region 

of 1155 

Meserabryantbemum .. .. 881 

Mesocarp 524 

Mesochilium 1058 

Mesophloeum 82, 84 

MesophyUura 187 

Mesosperm 578 

Metamorphosis 641 

Meteoric dowel's 484 

Mezereon 1002 

Mieroraoter 1209 

Micropyle . 464, 583 

Microscope 1206 

, compound.... 1207 

, simple 1206 

focad adjust- 
ment of 1219 

Microscope-makers 1228 

Microscope, works on 1232 

Microscopes, how to use... 1215 
Microscopic apparatus ...1210 
Microscopic objects, pre- 
servation of 1221 

Microscopic preparations 1220 
Mirroscoptc re-agenta ...1215 

Midrib 141 

Miponeite family 765 

Mildew 695 

Milk-tree 945 

Milk-vessd**^&„. 38 

Milk-wort fwmjjr 772 1 

Millet 1100 | 

Mimose® 848 
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Mimulus 965 

Mint 967 

Miocene 1180 

Miostemonous 892 

Mistleto 252,899 

Mitvifbrm 1114 

Modecce© 878 

Mohl on <5ytogenesis 22 

Moisture, as affecting the 
distribution of plants ..1188 

Mollnglne® 778 

Momordlca 872 

Monadelphous 899 

Monandrous 894 

Monembryony 686 

Monlliform 898 

hairs . 57 

vessels 87 

roots 125 

Monimiace* 1026 

Monkey-bread 784 

Monkey-pot 867 

Monkshood 740 

Monk’s Rhubarb 991 

Monoearpic 634 

Monochlamyde® 980 

Monochlamydeous 351 

Monoclinous 648 

Monocotyledonous . . .590, 1047 
Monocotyledonous stem 71, 91 

Mono-Cryptogam® 1104 

Monoecious ,.389, 648, 718, 91! 

Monogamia 717 

Monomic 1151 

Monopotulous .. . .376, 880, 381 

Monophvllous 358 

Monosepalous 358 

Mouotbecal 405 

Monotrope© 

Monstrosities, causes of . . 646 

Muon -seed family 746 

Mora wood 851 

More® 1019 

Morel 1124 

Morinda 905 

Morindine 905 

Moringacc® 853 

Morphia 756 

Morphology 641 

Morphology of Mosses .... 1114 

Mosses 1114 

, how to prepare .... 1228 

, Region of 1155 

Movements in seaweeds.. 657 
— — in sensitive plants 659 
Moving-plant, see Desmo- 
dium. 

Mojra 917 

Mucilage 308 

Mucmiate 150 

Mucus, definite 46 

Murlar 

Mulberry 1021 

Mullein... 9$5 

Mnltleestata 144 

Multifid 148 

Multij agate 153 

Multilocular 440, 522 

Multiple fruits 638. 656 

Multiplication of parts of 

flowers 653 

Mulfivttlvular ftun 

Mummy-cloth 


Mummy-wheat 

Mrmjeet ,,965 

Muriatic acid gas, effect on « 

plants 295 

Muriform cells 89 

Muriform cellul ar tissue . . 5 

Musace® 1065 

Muecardlne *.1126 

Musd *...1114 

Mushroom 1124 

Mustard 702 

Mustard-tree 987 

Mutlcoua, without an awn 1099 

Mycelium .1122 

Myoporinese 968 

Myoaotis 959 

Myrice® 1038 

Myristicace© 995 

Myrobalans 862 

Myronic acid 762 , 

Myrosine 782 

Myrrh M6 

Myrsinace® 938 

Myrtace® 868 

, Kegion of 1162 

Myrtle 867 

Nabee 740 

Naegeli on Cytogenesis . . 24 

Naladace© 1094 

Napiform 124 

Narcisse® 1072 

Narcotine 756 

Narthei 891 

Noseberry 987 

Natural System 719 

Necklace-like m — 398 

vessels 37 

Nectandra 994 

Nectaries 383, 416, 428 

Nectariferous glands 63 

Nectarine 855 

Nelsomc© 970 

Nclnmbiace® 752 

Nepentliace© loll 

Nerium 945 

Nerolioil 796 

Nervation HI 

Netted 143 

Nettle 1020 

Nettle-tree 1020 

Neurooterls 1186 

New Zealand Flax ... .29, 1078 

spinach 881 

Nicker-tree 851 

Niootiana 961 

Nicotina 9«i 

Night-flowering Cereus . 883 

plants 484 

Night-scented Bowel’s .... 687 

Nightshade 961 

Nllsonla 1197 

Nlpadites 12 

Nitrates as manui cs 246 

Nitrogen iu plants 215 

, sources Of $15 

Nodes 67, 169 

Nodulose or Nodose 126 

Noggorathla ...1190 

Nomenclature 704, 71$ 

Non-tbssillferouB rocks ...1176 

Norfolk Island Pine .1046 

Notorhize® 601, 759 

Noyau — 856 
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SSSeos of a cell 16. 2 * 

f ncleus or kernel.... .... 677 

acleus of ovule 403 

Noculanlom 663 

Nucule.... 469 

Nacumentace® 700 

Number of known plants 1188 

Nat M4 

Nutmeg 986 

Nutrition of plants 200 

— — of air plants 217 

Nutritive organs 43 

-—products 312 

Nux-Vomica 947 

Nyctaginace® 982 

Nympnaace® 760 

Oak 1037 

Oak-apples 701 

Oak-spangles 701 

Oats 1142 

Obcordate 150, 872 

Object-glass 1207 

Oblique. 146. 372 

Oblong 160 

Oblong symmetry 644 

OtarcSe..., 160 

Obsolete 864 

Gbvolute 186 

Oebnace® 883 

Ochrea 158 

Ochro 782 

Octandrous 394 

Octangular 69 

Odours of flowers . . * 687 

in different natural 
orders. 

■ to connection with 
colour . 

CEnanthe 893 

offset 191 

Oil, cells Containing 20 

QiiS,fet 314 

.drying. 814 


fixed 

in different seeds . 
solid 


— volatile or essential 317 

Olacace®. 794 

Olax family 794 

Oleace® 940 

Oleander 946 

Oleaster family 999 

OHbanum 845 

Oligandrous 394 

Ottgospennous 646 

Olive..: 941 

Omphalode M3 

Onagrace® 868 

Onion 1078 

Oolitic Fossils 1197 

Gpphoridium 1112 

Operculate 866,426,636 

Opereulum 11 W 

Ophelia Cblrata 349 

Ophiocaryon $67 

Opbtoglosse® 1109 

g&ttffi. .766 

- Opoponax.. 891 

Opposite 169 

Ops®#* 883 

Orach.. 987 

Orange 796 


Orange fcjogy 

Orbicular.,.., 149 

Orchidace® «... .....1038 

Orchidaceous corolla 879 

Orchil 1121 

Orders, defined.......... 709 

Organic constituents ..... 918 

— — , tabular view of 208 

— , sources of 212 

Organic elements 208 

Organogeny 442 

Organography or Structu- 
ral Botany 1 

Organs, appendicular .... 67 

, compound 2, 48 

, elementary 1 

* essential of the flower 361 

, essential, their func- 
tions 488 

, nutritive 48 

, reproductive 43, 323, 388 

Original vegetation of the 

globe 1146 

Ornus 941 

Orobanchace® 962 

Orris-root 1068 

Orthoploce® 601, 769 

Orthosperm® 888 

Orthotropal 465, 584 

Orthotropus 465 

Oryctology 1174 

Oryza, see Rice. 

Oscillatoria 1129 

Osier is Salix vimlnalis. 

Osmunde® 1109 

Otopteris 1197 

Our ail 947 

Oval 5, 150 

Ovary or gennen — 429, 431 

— — , divisions In it 439 

, half-interior 449 

, inferior or adherent . 449 

, superior or free — 

Ovate, egg-shaped 160 

Ovenchyma 5 

Ovular tubes 505 

Ovule 438, 460 

, ascending 471 

, coverings of 464 

, development of 468 

erect 471 

forms of. 465 

horizontal 471 

inverted 471 

naked 401 

pendulous 471 

position m the ovary 471 

. seminude 461 

suspended 471 

Oxalate of lime lu raphides 18 

Oxalidace® 820 

Oxidation in flowers .... 473 

Oxlip 975 

Oxycoccus 928 

Oxygen In plants 213 

, sources of 214 

, consumed by flowers 474 

Oyster-plant 959 

Oyster-plant of America.. 918 


Paonie® 739 

Paginaofleaf 139 

Paleontology 1174 

Dolseozamia ............1197 


_ , . , ; Parctfrark 

Pa3««oic plants ~1180 

Palate 881 

Pale® of Composite 348 

Pale® of grasses 1099 

Palm-stem, formation of. . 94 

— , dichotomous . . 99 

, direction of vas- 
cular bundles of ... .... 96 

, mode of in- 
crease of 97 

, rings of 98 

Palm of the Bible 1086 

Palma Christ! 1017 

Palmacltes 1202 

Palm® 1086 

, Region of... 1156, 1162 

Palmate 148 

Palmatlfld 148 

Palm In 1017 

Palm-oil 1086 

Palo De Vaca 1022 

Pan ax t .. 895 

Pandanace® 1090 

Pandanocarpum 1202 

Pandunform 147 

Pangie® 873 

Panicle 333 

Pansy 769 

Papaverace® 756 

Papaw 873 

Papayace® 873 

Paper for drying 1226 

, for Herbarium — 1229 

Paper-mulberry 1021 

Papilionacc® 848 

Papilionaceous corolla . . 879 

Fapill® of epidermis 67 

Pappus 366 

Papyrus 75, 109F 

Paracorolla 384 

Paraguay Tea 935 

Paraphyses 1114 

Parasites 252 

, nutrition of 252 

, on roots 262 

Parasitic Fungi 252, 1126 

, plants 1139 

Parastemonos 384 

Pareira-brava 747 

Parenchyma 4, 5 

perfect and imperfect 12 

Parietal 440 

Panetm 1121 

Panglin 1064 

Pan-pinnate 153 

Pans 1066 

Parnassie® 770 

Paronychiace® 879 

Paropsie® 875* 

Parsley 890 

Parsnip 890 

Parthenogenesis 491 

Partite or Parted 146 

Pawlflorace® 8*5 

Passion-flower ...* 

Pastilles .jfU...... 932 

Pastiiidca J90 

Patchouli 967 

Fatell® 1119 

Patulous 

Pea 

Poach 25? 

Pear 

Pecopteris llbb 
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Fectine W 

Pectinate 51*14? 

Pedalie® JJJ 

Pedate 

Pedatifld 148 

Pedicel ^ 

Pedicellate 325 

Peduncles 325 

Pedunculate 325 

Pelargonium 810 

Pellicle, superficial 45 

Pellltory 1020 

PeUitory of Spain 917 

Peloria 905 

Pelorizatton 654 

Peltate 58, 149, 458 

Feneeace& 1000 

Pencil-cedar .....1046 

Pendulous ovule 471 

Pennlnerved, see Feather- 

veined 144 

Penny-royal 967 

Pentagonal symmetry ... 643 

Pen tamer oua 643 

Pentandrous 894 

Pentapctalous 375 

Pentaphyllous SGI 

Pentascpalous * 861 

Pepo 661 

Peponida 551 

Pepper 1032 

Pepper-brand 693 

Pepper-corn 700 

Peppermint 967 

Pepperwort family 1111 

Perenchyma of Morren . . 17 

Perennial 633, 713 

Perfoliate 163 

Perforations m cells 9 

Perianth 352 

Pericarp 520 

Perichoetial 1114 

Pericladium 158 

Periderm 85, 87 

Perigone 352 

Perigyniutn 1097 

Perigynous 390, 449 

Periodicity in flowering.. 483 

Penpherieal 602 

Perisperm 577 

Peiispermic 687 

Peri spore 691 

Poristomatic 51 

Peristome 1114 

Feritiopous 471 

Periwinkle 945 

Pernambuco-wood 851 

Persimmon 933 

Personate .981 

Perulae 1S2 

Peruvian Hark 903 

, Cherry 961 

Petaloid 859,396 

Petalmdea; 1056 

Petals 368 

, adhesion of 378 

•, metamorphosed .... 383 

Petiolary 160,201 

■, mcrithal 139 

Petiolate 62, 189 

Petiole 139,155 

• , anomalous forms of 163 

• , inflated 157 

• , sheathing 156 




Petiole, winged 157 

Petiolules 151 

Petiverie® 988 

Pence 1197 

Phaenogamous or Phanero- 
gamous 323 

Phanerogamous plants, ar- 
rangement of th eir organs 638 

Phfladelphace®. 865 

Phlebolaal tissue 37 

Phlorldrine 309 

Phlox family 952 

Phoenix 1086 

Phoranthlum 326 

Phormium 1078 

Phragmata 447 

Phylla 358 

Phyllodium 157 

Pliyl logon 96 

Phylloid 327 

Phyllophor 96 

Phylloplastic 177 

Phyllotaxis 169 

, in Aerogens.. 176 

, in Endogens.. 176 

, in Exogens .. 176 

Physalls 961 

Physic-nut 1017 

Physiognomy of Vegeta-^^ 

Physiology or Physiologi- 
cal Botany 1 

Physomycetes 1123 

Phyte^ephas 1086 

Phyto-geographical divi- 
sion of the globe 1152 

zones 

of Meyen 1157 

Phytolaccace® 988 

Phytons 116, 181, 639 

Phytozoa 427, 492 

Plassaba 1086 

Pieotee 779 

Piersena 832 

Picrotoxin 747 

Pileorhiza 120 

Pig-nut, see Earth-nut 

Pilous or cap 1122 

Pill 67 

Pilose 365 

Pilosus 60 

Pimento or Pimenta 867 

Pimpernel, see Anagallis. 

Pimpineila 892 

Pinacere 1044 

Pine-apple 1076 

Pinei-tallow 790 

Pinencbyma 5 

Pines 1046 

Pinguicula 973 

Plmtcs 1190 

Pink 779 

Pink-root 947 

Pinna 152 

Pinnate 152 

, alternately 153 

, equally or abruptly 153 

— , interruptedly .... 153 

unequally ? 154 

Pinnatifld- 147 

Pmnatlpartlte 147 

Pinus 1046 

PIperace® 1031 

— , Hegion of • . . .1155 
2 H 


Pistachio nut . 

Piatacla 848 

Pistie® 1098 

Pistil 350, 429 

, formation of 430 

, various forms of ... . 484 

Plstillary cord 438, 460 

Pistillate 049 

Plstillidla 459, 492 

PlstllliferouB 388,049 

Pita-flax 29, 1073 

Pitaya-bark 903 

Pitch 1040 

Pitcher-plant family 1009 

Pitchers 164 

Pith 8, 72, 75 

, discoid or disciform.. 75 

-f— , exccntric 80 

, functions of 109 

Piton-bark 903 

Pitted tissue 36 

Pittosporace® 823 

Placenta 438 

, how formed 438 

Placentarles 488 

Placentation 443. 

Plaited 185 

Plane, oriental ......... t!036 

Plantaginace® 978 

Plantain 

Planting trees 118 

Plants, collecting of 1286 

PJutanaceffi 1033 

Pleiotrache® 32 

Pleistocene 1202 

Pleurenchyma 29 

, functions of 41 

Pleurisy-root 943 

Pleurocarpi ..1115 

Pleurorhize® 601, 759 

Plicate 185 

Pliocene 1180 

Plum 855 

Plumbaginace© 976 

Plumose 365 

Plumule 690,593 

Pod 648 

Podetium 1119 

Podocarp 533 

Podogyniura, same as Gy- 

nopbore 437 

Podosperm 462 

Podostemace® 1024 

Poison-elder 843 

Poison-ivy 843 

Poison -nut 947 

Poison -oak 843 

Poison -sumach 848 

Poison-vine 848 

Poisons, their effects on 
irritability 

Polarizing apparatus 1211 

Polemomace® 952 

Pollard-trees 190 

Pollen 395, 402, 421 

, application to the 

Stigma 494 

- ■— t development of . . . 421 

, duration of vitality 

of 500 

scattering of ..... . 496 

Pollen-grains, coverings of 422 

, number of. . 494 

— , union of.... 421 
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Follen-grahia, size and form 

W, 424 

Pollen-masses 421 

Pollen-tubes 426 

— — , extent to 

which they penetrate 604, 612 

— ..., functions of 603 

PoRen-ntride 421 

PoHinia 421 

Pollinaria 427 

Polyadelphous 399 

Polyandrous 894 

FOlycarpic , $34 

Pdlychroite 1068 

Polycotyledonous 698 

Bofyembryony ..609,586 

Polygalace® 772 

Polygamous 889, 648 

Folygonace® 990 

Polyhedral 4 

Polynomic 1161 

Polypetalous . . . .376, 378, 879 
Polyphyllous 

Polypodies 1109 

Polyaepalous 858 

Polyspermous 646 

Polystemonous 892 

Pome.. 653 

Pomes 854 

Pomegranate 867 

Pompelmoose 796 

Fonaweed family 1094 

Pontederiace® 1082 

Poplar 1034 

Poppy family 755 

Porewort family 774 

Porous ceffS 10 

dehiscence 536 

■ . .—.vessels 86 

Portland-dirt-hed 1197 

Portland sago 1093 

Portugal Laurel 855 

Portulacace® 878 

Posterior, applied to parts 

of the flower 857 

Postic® 412 

Potame® 1094 

Potash in plants 228 

Potash and soda as man- 
ures 246 

Potato ... 901 

Potato-disease 691 

Potentille® 854 

Pounce 1046 

Trsefloration 354 

Prsefoliation 184 

Pmmorse 124 

PmngoB 890 

Pressing plants 1227 

Prickles 67 

Prickly Pear 888 

Priinlne 464 

Primordial 108, 593 

Primroses 975 

Prlmulace®.... 974 

Prince’s feather 986 

Prlsmatical 6 

Prlsmenchyma 6 

Privet 941 

Procumbent............. 68 

Products of plants 800 

Progression of sap, cause of 266 

Proliferous leaves 199 

plants 081 
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1 Propagnhim. 

Proper-vessels. 88 

Proaenchyma 5, 29 

Proteace® 997 

Proteine 810 

Protoeoccus 1129 

Protoplasm 14 

Pruning trees 118 

Prunus 855 

Pseudo-bulb 70 

P8eudo-monocotyledonous 598 

Pseudo-parasitic 1139 

Pseudo-spermous 631 

Pteris aquilina 105, 1167 

Pterocarpus 850 

Pterophyllum 1197 

Pubescent 60 

Puccoon 766 

Pucha-pat, see Patchouli. 

Pulp in fruits 523 

Pulvinus 156 

Pumpkin 872 

Punctated woody tissue . . 30 

Punica 867 

Purging-nut 1017 

Purples 700 

Purslane 878 

Putamen 624 

Putty-wort 1060 

Pyren® 651 

Fyrethrum 917 

Pyridiura, same as Pome. 

Pyroie® 930 

Pyrus 865 

Pyxidium 654 

Pyxis 554 

Quadrangular 69 

Quadrifurcate 406 

Quadrilocular 405, 440 

Quadripartite 362 

Quartine 464, 469 

Quassia 832 

Quatcinate 154 

Quercitron 1037 

Quercus 1037 

Quick-grass 1001 

Quillale® 854 

Quillaia-bark 855 

Quina 903 

Quinate 154 

Quince 855 

Quincuneial 855 

Quincunx 176 

Quinoa 987 

Quinquangular 69 

Quinquefid 148, 802 

Quinquelocular 440 

Quinquepartlte 362 

Quintine 4G4 

Raceme 333 

Races 705 

Rachis 102, 825,331 

Radiate 911 

Radiatiform 911 

Radiating 5 

Radical 61, 168 

Radical excretions 132 

Radicle 590, 592 

Radii 336 

Radish 762 

Rafflesia 1042 

Rafflesiace® 1041 


Fetnfrapk 

Rwnal m 

Ramettta 67 

Ramentaceous 67 

Rampion 922 

Range of Vegetation, hori- 
zontal 1163 

, vertical ..1158 

Ranunculace® 738 

Rape 762 

Raphe 467, 683 

Raphidean cells 18 

Raplndoa 18 

Raspberry 855 

Ratafia 855 

Rattans 1086 

Rattoons 304 

Ravenala 1066 

Rays, medullary 89 

Receptacle of flower ..326, 328 
Receptacles of secretion . . 20 

Reciinate 185 

Rectembryre 960 

Red-snow plant 1129 

Reduplicate 354 

Regma 664 

Reign of Acrogens 1186 

Gymnosperms ..1194 

4ngiospenns ...1198 

Reindeer moss 1121 

Remform 150 

Replum. 447,584 

Reproduction in Crypto- 

gamous plants 492 

in Phanerogamous 

plants 494 

Reproductive organs .... 43 

Resedace® 766 

Reservoirs of oil 20 

Resinous matters 20 

Resins 818 

Respiration of plants 282 

Rcstiace® 1095 

Rete of Nourse 678 

Reticulated cells 11 

— vessels 36 

Reticulum 57, 158 

Retinacula 421 

Retractile hairs 59 

Retuse 150 

Rcvolute 185 

Rhabarberin 991 

Rhamnace® 840 

Rhatany 773 

Rheum 991 

Rlunantlude® 964 

Rhizanthe® 1041 

Rhizanths 252 

Rhizobolace®. 

Rluzocarpcre 111P 

Rhizogens 64 

Rhizome 70 

Eliizophovace® 859 

Rhododendron 931 

Rhododendrons, Region of 1162 

Rhubarb 991 

Rims 843 

Rib, costa 144 

Rib-wort family 978 

Riccie® I* 1 ? 

Rice Il() 9 

Rice paper 8 , 852 

Rice paper plant It 

Kieinus 1017 

Rictus 331 
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Blga-balaun 

Bmgent 362, f»l 

Ripening of fruit . . 666 

Rocambole 1078 

Roccella 1131 

Rock plants 1159 

Rock-Rose family 767 

Root ll» 

, abnormal 121 

— — of Acotylodons or 

Acrogens 128 

, adventitious. ....... 121 

.aerial 121 

— , of Dicotyledons or 

Exogens 126 

— — , excretions from .... 182 

, fleshy 181 

— — , forms of 124 

, functions of 129 

, mode of increase of 120 

, subterranean 120 

, structure of 120 

of Monocotyledons or 

En dogens 127 

.young 119 

Root - like processes of 

Ivy 122 

Root-parasites ....... .252, 9G3 

Root-stock ’. 70 

Rosace© 854 

Rosaceous corolla 378 

Rose 855 

Rose-apple 867 

Rosomary 967 

Rose of Jericho 762 

Rosewood 850 

Rostellum 421 

Rotate 880 

Rotation of crops 232 

Rotation in cells 275 

, velocity of the 

currents 280 

, cause of 281 

Rough, see Scabrous. 

Rounded, rotundatus 150 

Rnbia 905 

Rubiace© 902 

Rue . __ ___ 

Ruellia 971 

Rumcx 991 

Ruminated 588 

Runcinato 147 

Runner 191 

Rupturing 636 

Rush Family 1084 

Rust 695 

Rntaceee 827 

1100, 1142 

Sabadilla 1080 

Sac of the embryo . . . .464, 677 

Saccate 878 

Sack-tree 1022 

Safflower Qig 

Saffron 1068 

Sagapenum 891 

Sage 067 

Sagittate 160,874 

Sago... 802 

, false 1048 

——.Portland 802,1093 

Sago-palm 1086 

Saintfoin 850 

St Ignatius’s bean 947 


St John’s bTead 851 

St John’s wort family — 787 

Salep 1060 

Salicine 309, 1034 

Sallclne© 1038 

Saline Plants 1139 

Salpigloaside© 964 

Salsafv * 918 

Salvadora 987 

Salver-shaped 380 

Salvia 967 

Samara 542 

Samaroid 542 

Sambuce© 900 

Samphire 890 

Samydace© 1005 

Sand-plants 1139 

Sandal-wood 1007 

Sandarach 1046 

Sandbox-tree 1016 

Sangnisorbe© 864 

Santalace© 1005 

Sap, ascending 257 

, changes in its com- 
position i 

, course by which it 

" ascends 257 

, crude 257' 

, descending 261 

, elaborated 261 

, height to which it 

ascends * 274 

Sap-wood 78 

Sapindace© 806 

Saponine 779 

Sapotace© 930 

Sapan-wood 851 

Sappodilla 937 

Sapucaya nut is the pro- 
duce of a species of Le- 
cythis. 

Sarcinnla 1129 

Sarcocarp 524, 545 

Sarcocol 1000 

Sarcoderm 678 

Sarcosperm 678 

Sargassum 1129 

Sarmentum 66 

Sarraceniace© 754 

8arsapariila 1054 

Sarza 1054 

Sassafras 994 

8atin-wood 812 

Saururace© 1030 

Savin 1046 


Scammony 956 

, adulterations of. . . 943 

Scandent 66 

Scape 342 

Scar 140 

8carlet-rrrjier 850 

Scepace© 1014 

Schinus 

Schleiden on Cy to genesis 22 
Schultz, view of Latex ... 41 


; Pamgrapk 

Schonw’s Phytogeographl- 

oal Regions *..1155 

SclUa or Squtlla ..1078 

Seine© 1077 

8ciilitina ...1078 

Scimitar-shaped ......... 150 

Scion 669* 573 

Scitamine© 1061 

Scleranthe© 679 

Sclerogcn 16 

Scorpioidal 340 

Scorzonera 918 

Scotch Fir 1046 

Scotch Thistle 916 

Screw-pine 121* 1091 

Scrophulariace© 964 

Scurf 67 

Scurvy-grass 762 

Scythian Lamb .1110 

Sea-buckthorn 999 

Sea-kale 762 

Sea-side grape 991 

Sea-pink 977 

Sea- weeds 1127 

Sea-wrack 1128 

Sebesten plums 957 

Secretions of plants 300 

, receptacles of ... . 20 

Secuudine 464 

Sedge Family 1097 

Sedura 880 

Seeds 575 

, forms of 685 

, functions of 605 

, integuments of 677 

, lobes of 586 

, position in thr ovary 685 

— , sowing of 611 

, dissemination of ... . 606 

•* maturation of — , . 605 

, mode of preserving.. 618 

, mode of transmission 1231 

, vitality of 617 

Selagino© 968 

Selaginites 1187 

Scmi-auatropal 467 

8emiflosculoufl 911 

Seminal leaves 699 

lobes 599 

Seminude 576 

Sempervive© 880 

Sempervivnm 880 

Senega 773 

Senna 851 


. 967 

Sepals 


, 762 

, adhesion of .. . 


, 885 

, forms of 


,1165 

Septate 

ff 

68 

Septemfld 


920 

Septenate 


, 11 

Septlcidol 

632 

104 

Septifragal 


, 346 

Septulat© 

760 


Septum ..408, 489 

Sericeous 60 

Scvpentaria ...1010 

Senate 146 

essile 62,139,326, 370 

Sesuve© 881 

Setaceous 67 

Set© .....57,469 

Setose 57 

Sexes of plants 489 



m 


INDEX. 


system 7lft 

«M01cm 9 27 

Shallot 1078 

Shamrock 821, &50 

Sheath of leaf 139 

She-oak 1035 

Shola'. 75 

Shrubs 68. 713 

Side® . 781 

Sidesaddle-flower 754 

SleiUaria 1189 

Sflene® * 778 

SlUca in plants 226 

— - in epidermis 49 

In the soil 235 

SIHenla 655 

Siliqua 534, 555 

Silk-cotton 784 

Siliquos® 76*0 

Silver fir 1046 

Silver-grain w> 

8imarnbace® 831 

Sinapis 762 

Slnapisin 702 

Sinuous 6 

8iritch 951 

Sissoo 850 

Skirret 890 

Skunk-Cabbage 1093 

Sleep of plants 658 

Slipper-like 381 

Sloe 855 

Sroilacese 1053 

Smilacin 1054 

Smut 694 

Smut-ballif 693 

Snake-nut-tree 807 

Snake-root 773 

, Virginian ,1010 

Snake- wood 947,1022 

Snowball-tree is Viburnum 
Opulua 

Snowberry 901 

Snow-drop, see Galanthus. 

Snow-drop-tree 932 

Snowflake is Leucojum. 

8nov-llne 1137 

Soap-berries 807 

Soap- wort family ........ 806 

Stoboies 70 

Social plants 1144 

Soda in plants 228 

Soils 233 

, as affecting the distri- 
bution of plants 1139 

, required for different 

plants 230 

Salanacesa 960 

Solania . 961 

Solldagos, Region of ... .1155 
Solomon’s-seal is Conval- 
laria. 

SolubUity 536 

Sooranjee 905 

Soot as a manure 246 

Sbredla, gonldla breaking 
through the thallua of 

Lichens 1119 

Sori 1108 

Sorosis 657 


8orrel 


991 


Souarl-nuts 808 


Sour-sop 


746 


Paragraph 

Sonr-gourd, same as Bao- 
bab. 

Southern-wood 917 

Sow-bread 975 

Spadix 384 

Spanish-broom, is Spartium 
juneeum. 

Spatho, spathe 349 

Sputhella 349 

Spathulate 150 

Spawn 1122 

Spearmint 967 

Species, meaning of the 

term 705 

, doubts as to their 

limits 706 

•, transmutation of . . . . 707 

Sperroatozoida 492, 493 

Spermoderm 577, 678 

8ph®renclfyma 

Sphseria 1126 

Sphcnophvllum — 1186, 1197 

Sphenopteus 1186 

Spheroidal 5 

Spider- wolt 1087 

Spigehe® 946 

Spike 334 

'Spikelet 334 

Spikenard 907 

Spike-oil 967 

Spinage or Spinach 987 

Splndle-tree .* 838 

Spines 200 

Spir®e® 854 

Spiral cells 11, 403 

vessel vs 32, 41 

Spiral cycles described by 

leaves 171 

Spiral vernation 186 

Sphoidea 82 

Spnolobe® 759 

Spongelets 120 

Spongiolcs 120 

, absorption by 253 

Sporangia 459 

Spore 459, 591 

Sporidium 591 

Sporoearp 1127 

Sporophoies „ 1122 

Sporule, see Spore. 

Spruces 1046 

Spur, calcar 373 

Spurge family 1014 

Spurge-laurel 1002 

Spin ions tiaebca* 35 

Spurred 3 63 

Squamae 346 

Squamash 1078 

Squamulae 1099 

,Squaie cells 5 

Squash 872 

Squill 1078 

Squirting cucumber 872 

Stackhouslace® 836 

Stalk of leaf ............ 139 

Stamens 350, 390 

, defiuito... 394 

, indefinite S4 

, number of 399 

, parts of 395 

, relation to the petals 393 

, structure and form . . 891 

in Cryptogamic plants 427 

Stamlnal 649 


Paragra pn 

Stamlnldia, same as An- 


ther Id la. 

Staminifereus 388 

Staminodium 415, 661 

Standard 379 

Stapelia 943 

Stapeli®, Region of 1155 

Staphyleaceee 889 

Star-anise 743 

Star-apple 937 

Starch -grains 17 

Starch in plants 301 

changed to sugar 309, 477 

Starch-sugar 307 

Statice® 976 

Statistics of vegetation . . .1151 

Stavesacro 740 

Steeping seeds 248 

Stcllatae 902 

Stellate 5, 67, 380 

Stem, forms of 69 

, aerogenous or acoty- 

ledonous 71 

, acnal 70 

, endogenous or mono- 

cotyledonous 71 

, exogenous of dicoty- 
ledonous 71, 107 

, functions of different 

parts of 109 

, internal structure of. 71 

, size of 108 

, subterranean 70 

Stemless 65 

Stcrculince® 78" 

Sterigmata 1122 

Stoi ile flowers 649 

Sternbergia 1190 

Stigma 429, 433 

Stigmaria 1188 

Stilaginaceie 1025 

Stings 62 

Stipe 65, 102 

Stipcls 161 

Stipitate 62, 335, 437 

Stipulate 158 

Stipules 139, 158 

Stock 569 

Stomata 6<) 

, development of . . . 65 

, forms of 54 

, functions of 64 

m Equisetum 1107 

in leaves 136 


, number in square 


inch of surface 56 

Stonccrop 880 

Stone-pine is Pinus Plnea. 

Storax 92# 

, liquid 1035 

Stramonium 961 

Strapshaped 882 

Stratlote® 1057 


Strawberry.. , . . 
Strawborry-tree 

Strot»lite8 

Strobllus 

Strophiolate . . . . 

Strophioles 

Struma 

Strumose 

Strychne® . . . . 

Strychnia 

Strychnos ..... 


855 
927 
....1187 
,334, 559 
.... 582 
.... 582 
.... 156 

.... 39 ® 

.... 946 
.. .. 947 
.... 947 



INDEX. 


701 


Paragraph 

Stupose 8$ 398 

Style- 429,432 

— — , forms of 463’ 

, situation of 461 

Style and stigma, irrita- 
bility of 665 

Stylo-wort family 921 

Stylidiace© 921 

Stylopodium 

Btypheliese 932 

Styracacere 92b 

Subclasses defined 710 

Suberic acid 816 

Suberous layer 85 

Subgenus, defined 708 

Suborders, defined 709 

“Subterranean plants 1139 

stem 70 

Subulate 150, 893 

Suckers in Dodder 122 

Succory 918 

Suffrutex 68 

Suffruticosc . . 

Sugar 304 

, from Beet 306 

— -, import of . . ..305, 1101 

, from the maple .. 306 

Sugar-bush 998“ 

Sugar-cane 1101 

Sugar-maple 805 

Sulphur as a manure .... 246 
Sulphuretted hydrogen, 

effect on plants 296 

Sulphurous acid gas, effect 

on plants 294 

Sumach 843 

Sumatra-Camphor family 789 

8un-dcw family 770 

Sunflower 917 

Sun-Hemp 782 

Superior, applied to the 

parts of the flower. 357 

Supervolute 185 

Suppression of organs;. ... 647 

Supradecompound 152 

Suspended ovule 471 

Suspensor 403, 604, 614 

Sutural 532 

Sutures 529 

Swallow’s-nest, edible .. ..1130 

Sweet-almond 855 

Sweet-bayi 994 

Sweet-briar is Rosa rubl- 
ginosa. 

Sweet-cane 1102 

Sweet-cassava 1018 

Sweet-fern 1035 

Sweet-flag 1093 

Sweet-pea is Lathyrus 
odoratns. 

Sweet-potato 958 

Sweet-sop 745 

Sweet-william is Dianthus 
barbatus. 

Sword-shaped, see Ensiform. 
Sycamine of Scripture .1021 

Sycamore 805 

of Scripture 1021 

Syconns 

Symbols 713 

Symmetrical fleeter 875 

Symmetry of organs 643 

Symploce® 926 

Synantheraa 910 


Paragraph 

gynantherous 417 

Synaptase 310 

Syncarpons 435, 538, 649 

Syngenesis 911 

Syngenesious 417 

Synochreate 100 

Synonymes 713 

Syringa 885 

Systems of classification . . 703 

, artificial 715 

— , natural 719 

Tabasheer ..226 

Tabular cells 5 

Tacamahac 799, 845, 1034 

Tagua, a name for the Ivory 
Palm. 

Tallow- tree 799, 1017 

Tamancaceee 775 

Tamarind 851 

Tamarisk family 775 

Tanglun 945 

Tangle 1130 

Tansy 917 

Taphrenchyma 36 

Tapioca 302, 1018 

Tap-root 124 

Taraxacme 918 

Taraxacum 918 

Tarragon 917 

Tartarian Lamb 1110 

Taxiric© 1045 

Taxonomy 703 

Tea plants 793 

of Paraguay 935 

Teak, African 1018 

, Indian 969 

Teazel 908 

Teel seeds 951 

Tegmenta 182 

Temperature of plants .... 667 

, effects of 1135 

, as regards altitude'! 137 

, latitude. ..1136 

Tendril 157, 201 

Teratology 646 

Tercine 404, 469 

Terminal ie© 862 

Terminology or Termono- 

logy 704 

Temate 154 

Termtroemiacese 792 

Tertiary-fossils 1202 

Test-objects 1210 

Testa 578 

Tetradynamous 419 

Tetragonal, symmetry ... 643 

Tetragome© 881 

Tetramerous 643 

Tetrandrous 394 

Tetrapetalous 375 

Tetraspore 591 

Tetratnecal 405 

Thalamus 329, 850 

Thalaraiflorfe 890, 737 

Thallogen® 1118 

Thallogens 65, 106 

Thallophyta 1104 

Thallophytes 65 

Thallas.. 65 

Thee© 459 

Thecapbore 437 

Theine 793, 935 

Theobromine 766 


paragra p h 

Thistle 916 

Thorn-apple * ! ’. *. ! *.*. 1 . * 18 ' 

Thrift 977 

Throat of corolla 877 

Thnnbergie® * . 976 

Thus 1048 

Thuya 1018 

Thnyites -.1177 

Thyme 967 

Thymelffiace© 1009 

Thyrsus 388 

Tieut6, see Upas. 

Tigellary menthal ...... 189 

Tigelle 690,598 

Tihaceas 787 

Tlliese 787 

Tillandsia 1076 

Tissue, cellular 4 

, flbro-cellular 11 

,*■ flbro- vascular ...... 81 

, ligneous 29 

, phlcboidal 37 

, pitted 36 

, vascular 28 

vasiform 

, woody 30 

Tissues, vegetable 1 

, arrangement of ... . 42 

Tobacco 961 

Tomato 961 

Tomcntose 60 

Tom en turn . 

Tonka-bean 850 

Toothache-treo 895 

Toothwoit 977 

Tormentil 855 

Tortoise plant .P. 1052 

Toms 829 

Tous-les-mols 302 

Toxicodendron 843 

Tracheae 31 

, dosed 34 

, false 35 

, spurious S5 

Trachenchyma 31 

Tradescantia 1087 

rotation in 278 

Tragacanth 850 

Transpiration 203 

Transportation of plants in 
close cases . 

Traveller’s joy is Clematis 
Vitalba. 

•Tree-beard 1076 

Tree-ferns, Region of.. ..1162 

, structure of stems i 02 

, stem, dichotomous 105 

Tree-lily 1071 

Tree-nettle ..1020 

Trees, defined 

, ages of 637 

Trefoil ■* 850 

Tremandracese 774 

Triadclphous 399 

Triandrous 394 

Triangular 09 

Tribes, defined 7 09 

Tribale© 825 

Trichotomous 338, 339 

Tricoccous * 533 

Trientalis 975 

Trifld 148, 862 

Trigonal symmetry 643 
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Un symmetrical 


Verbascum 

.... 065 

TriHiace® 


Upas Antlar 

1022 

Verbenace® 

968 


64; 


947 


814. 

Trinomic 


Urceolate„ 


Vermiform vessels . 


Tripartite 


Urginea 


Vernal grass 


Tripe de Roche.. . 


Urn-shaped ........ 


Vernation 


Tripetalous 


Urticace® 

1019 

Veronica 

965 

Tripinnate 


Utricle 

....4,542 

Verruca, warts 


Triptmiatifid . . . . 


, internal 


Versatile 

408 

Triplet 

12C 

, primary 


Verticil 


Triquetrous 


, primordial . , 


Vertlcillaster 


Trisqpalous 


Utrlcularia 


Vertlcillate 

.... 169 

Tristichotts 





Verticils or whorls of the 

Tritemate 


Uvularie® 


flower 

350 

Trivial name . . . . 




Vervain 


Tropreolac® 


Vacciniace® 

929 

Vesicle, germinal.. , 

610 

Ti r 


Vaginal Merithal ... 

...139, 158 

Vesicles or bladders 

3 

Truffle. T 


Vaginula 


Vesicular calyx .... 

367 

Trumpet-wood .. 


Valerian 

907 

. glands . . . . , 

63 

Truncate 

150, 36 

Valerian, Greek 


Vessels, annular .. 

35 


Tfnncus & 

Tryma 545 

TuW 70, m 

Tubercular 125 

Tubercules 13 

Tuberose 1071 

Tubes 

Tubular 

Tnbullflor® 913, 91' 

Tulipe® 107 

Tulip tree 74b 

Tunicated bulb 294 

Turbinate * 362 

Turio 193 

Turmenc 1062 

Turneracew 877 

Turnip 762 

Turnsole 1018 

Turpentine 1046 

, C Ilian 843 

Tussae-grass 1100 

Tussilago 917 

Tutsan family 797 

Twisted vernation .... 186, 354 
Typhine® 1092 

Ulmacese 1019 

Ulralne 234 

Ulodendron *. 1187 

Ulva 1130 

Uraari 850 

Umbel 335, 

Umbellilcne 888 

„ , Region of . .1155 

Umbellule 335 

Umbilical cord 462 

Umbilicus 683 

Uncaria 905 

Uncinate 68 

Undershrub €8 

Undulated 160 

Unequal 146 

Unequally pinnate 153 

Unguiculate 370 

Unguis 370 

Unicom plant 951 

Unicostate 144 

Unijugate 163 

Unilateral. 466 

Unilocular 405, 440, 522 

Umpetolous 375 

Unisexual 388, 618 


Valenanace® 906 

Vallecuke 888 

Valllsneria 1057 

. rotation in its 

cells 277 

Vallisnerie® 1057 

Valonia 1037 

Valvate 186, 354 

Vanlllo 1060 

Variegation 676 

Varieties, defined 705 

Varnishes 843 

Vascular bundles in Acro- 

geus 103 

definite.... 91 

inEndogens 91 

in Exogens. 77 

, functions of 109 

indefinite. . . 77 

simaltane- 

.. 103 

Vascular tissue 28 

Vasculum 1229 

Vasiform tissue 36 

Vegetable Ivoiy 1086 

V agetable marrow ...... 872 

Vegetation, alpine 1161 

— — . altitudinal zones 

of Meyen 1162 

, horizontal range 

of 1153 

, vertical range 1158 

ell 1122 

Reinless 141 

/emlets 141 

'ems, costal 141 

, primary 141 

ellozia 1071 

, stem of 112 

felum 1122 

T elutinus 60 


, beaded 37 

, development of . . 39 

, dotted 35 

. laticiterous 38 

, mode of com- 
munication 40 

, moniliform 87 

, necklace-like ... . 37 

, porous 86 

, reticulated 35 

, sculariform 35 

, vermiform 37 

Vexillary 356 

Vexillum 379 

Victoria 751 

Villi 57 

Villous 60 

Vine . 814 

Violaceoe 76s 

Violet family f ... 768 

Virginian Snake-root.. ..1010 
Vis a fionte in the circula- 
tion ‘ ,cl * 

Vis a tergo in the cii cula- 

tlon 269 

Viscum 899 

Vitace® 813 

Vitellus 580 

Vittse 20 

Viviamacese 780 

Viviparous plants 631 

Vochysiace® 861 

Voltzia 1197 

Volubile 66 

Volva 1122 

Wake-Robin 1093 

Wall-flower 762 

Walnut 1039 

Ward’s portable conserva- 
tories 297 


elvery 

' jnation 

.... 60 
.... 141 

Warty glands 

Water-bean family 

, hidden 

.... 141 

Water-chestnut 

— y , furcate 

.... 144 

Water-cress is Nasturtium 

, netted 

.... 141 

officinale. 

— , paiallel 

.... 142 

Water-fennel 1 

— , radiating . . . . 

.... 148 

Water-hemlock 

— , reticulated .. 

.... 141 

Water-lily ..7 

— , of petals 

.... 371 

Water-melon 

entral suture 

.... 438 

Water-net 1 

eaus’ fly-trap 

.... 771 

Water-pepper family .... 
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Water-plantain... 

Paragrajt)* 

Water-shield family 749 

Waved .... 

6 

Wavy 

...150, 374 

Wax, vegetable,.., 


Wax-flower 


Wax-myrtle 


Wax-palm 


Waxy matter in cpider- 

mis 

49 

Way-bred 


Wealden fossils .. 


Wellingtonia 


Weeping Willow 

1084 

Wetierellia 


Wheat 

.1100,1142 

White wood 

78 

Whorl 


Whorled 


Whortleberry 


Willow 


Wingod fruit 


Wings 


Wintered 


Winter-cherry .... 


Wlntergreen 


Winter’s hark 



Wltch-hatel family 8?7 

Wood, formation of m 

Woodbine, same as Honey- 
suckle, 

Woodruff 905 

Wood-sorrel 821 

Woody-flbre 

-intbebark., w 

Woody layers 77 

Woody mass®, anomalous 113 
Woody stems, peculiar Bra- 

ailian 90 

Woody tissue, glandular. . 80 

— .punctated,, 30 

W oody wedges in pepper . , 90 

Woolly 60 

Woorali, or Wourall 947 

Wormseed 917 

Wormwood 917 

Wych-Elm is Ulmus mon- 
tana. 

Xanthic series of colours. . 679 

Xantkophylle 675 

Xanthorrhsea 1078 

Xanthoxylace® 829 

Xyridace® , 1083 


Yam. 
Yew .. 
Yucca 


Fmifrqpk 

1052 

low 

1078 


Zabncajo nuts are the pro- 
duce of Lecytlus olla. 



Zamiostrobus 1197 

Zamites 1197 

Zanthoxylace® 829 

Zebra-plant jogi 

Zebra- wood 840 

Zlngiberace® 1061 

“ — » Region OE..1165 

Zizyphus 841 

Zones of wood 77 

— in Exogens 79 

Zones of vegetation 1156 

Zoocarps, same as Zoo- 
spores. 

Zoosperms, same as Zoo- 


spores 

Zoospores 294 

Zygophyllaceffi 82^ 
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' in a series of foolscap 8vo volumes. 5s., each, cloth, 

Uterary OVatory. — Addressee at various Literary Institutions. 

Alison, Brewster, Bebschell, Knight, Disraeli, Talfourd, Lord 
Carlisle, Earl Stanhope, Layard, Dean Hereford, Warren, 
Bhuttleworth, &o. 

PoUUcal Oratwy.rHPariiaTnentary Oratory during the Thirty Years’ Peace, 
Canning, CastlEreagh, Durham, Grey, Huskisson, Liverpool, Mac- 
intosh, Romillv Russell, Wellington, Macaulay, Brougham, O’Con- 
nell, Sheil, M ottrne. Peel, Palmerston, Lyndhcrst. 

Barred Oratory. — -Sen „ jns by tlie roost Eminent Divines. 

Archbishop of Dublin, Bishops of Norwich and Oxford, Trench, Dale, 
Stowell, Btckersteth, Melville, Dr. Guthrtk, Dr. Candlish, Pro- 
fessors Brown and Eadie, Dr, Hamilton, and others. 

BRITISH EMPIRE. 


A BIOGRAPHICAL, GEOGRAPHICAL, AND HISTORICAL HAND- 
BOOK OF THE BRITISH EMPIRE. By numerous Contributors, Intro- 
duction by Sir E. S. Creasy. With Map and engravings, crown 8vo, 
10». 6d„ cteth. 

brooerip.— Zoological recreations. . 

ZOOLOGICAL RECREATIONS. By W.J. Broderip.F.R.S. Third Edition, 
revised, with Illustrations crown 8vo, 3s. 6d., doth. 

LORD BROUGHAM’S WORKS. 


The Critical, Historical, and Miscellaneous Works of IIenry, Lord 
Brougham, F.R.S. Now first Collected under the direct care and superintend- 
ence of his Lordship, in Ten post 8vo volumes, 6s. each, cloth. 

Yol. I.— LIVES of PHILOSOPHERS of the TIME of GEORGE III. 

2.-— LIVES of MEN of LETTERS of the TIME of GEORGE III. 

3. 4, 5.- HISTORICAL SKETCHES of EMINENT STATESMEN of the TIME 
of GEORGE III.. 3 vols. 

6. -NATURAL THEOLOGY. 

7. — RH KTORICALandLITER ARY DISSERT ATIONSandADDRESSES. 

8. — HISTORICAL and POLITICAL DISSERTATIONS. 

9. 1U.-SPEECHES on SOCIAL and POLITICAL SUBJECTS. 


BROUGHAM. — TRACTS. 

Tracts, Mathematical and Physical. By Henry, Lord Brougham, 
F .K.S. Second edition, crown 8vo, 7s. 6dU, clotjn 

BROUGHAM — EDINBURGH REVIEW. 

Contributions to the Edinburgh Review, Political, Historical, and Mis- 
cellaneous, by Henry, Lord Brougham, F.R.S., 3 vols. 8vo, L.l 10‘s., cloth. 

BRYCE. — UNIVERSAL GAZETTEER. 

Cyclopaedia of Political and Physical Geography, forming a Complete 
Gazetteer of the World, with Pronunciation, and numerous Illustrations. By 
James Bryce, LL.D., A Jf., F.G.S. Post 8vo, 12s. 6d., cloth. 

BUNYAN— THE PILGRIM’S PROGRESS. / 

TgR Pilgrim’* Progress. By John Bunya*. Illustrated edition, with eu- 
gratugB by Harvhy, Martin, Corbould, &c.. Ac. with Lite and Notes by 
BCOTT. Post^vn, 6a., cloth. 

CAMPBELL*— BRITISH NAVAL HISTORt. 

lives ofc the British Admirals and Naval History of Great Britain from the Days 
of Caesar to the Present Time* Fifth Edition, engravings, fop. 8vo, 3a. 6d., cloth. 
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COLERIDGE.— -METHOD. 

introductory Diiaertotwn to tto Eneydppttdia Metropolitan . ,<m theSdeoM. pf 
Method, with a Synopsis* BySAMUJSLXAfXrOii C oleridge. Crown 8vo* 2k., cl, * 

COWPER.— POETICAL WORKS. 

With Introductory Essay br James Montgomery, and Illustrations, small 8*#g 
2s. 6d., cloth, or 3fc., cloth gut. 

COX.— BIBLICAL .ANTIQUITIES. 

and nearly 200 Illuatrationv crown 8vo, 7s. 6d., cloth, 

COX.— SACRED HISTORY AND BIOGRAPHY, 

FronUthe Antediluvian Period to the Time of the Prophet Malaohi. Edited by 
Rev. F. A. Cox, D.D., LL J). Crown 8vo, &l, doth. 

CRUDEN.— CONCORD AN CE 

To the Holy Seriptares. Condensed and Revised from the larger Work of Cruden. 
By Rev. Professor EajdIE, D.D., LL.D. Twentieth edition, 8vo, doth. 

DALGAIRNS.— COOKERY. 

The Practice of Cook ry Adapted to th« Be inKsb of Every-Day Life, 
By Mrs. Dalgairns. Fourteenth Edition, enlaced, foolscap 8vb # 3a* CiL, clow. 


DAVY.— AGRICULTURAL CHEMISTRY. 

ELEMENTS OF AGRICULTURAL CHEMISTRY. By Sir H. Davy, 
Bart.P.R.S ,&c. New edition. Revised, by John SHiEa^.M.,LL.D.8vo$B.6d.,d. 

DEVOTIONAL RETIREMENT. 

SCRIPTURAL ADMONITIONS FOR THE CLOSET for every Day in the 
Year, wirti Introductory Thoughts on Religion. By Thomas Wallace. Crown 
8vo, 5 b., cloth. 

DICK — THE CHRISTIAN PHILOSOPHER. 

The Christian Philosopher : or, the Connection of Science a&d Philo- 
sophy with Religion. By Thomas Dick, LL.D. Twenty-second edition, 
beautifully Illustrated, post 8vo, 8s. 6d., cloth. 

DONALDSON— LIFE OF A SOLDIER. 

Recollections of the Eventful Life of a Soldier, by Joseph Donaldson, 
Sergeant m the Ninety-fourth Regiment, foolscap 8vo, 3s. 6d., cloth. 


PROFESSOR EADIE’S WORKS. 

ANALYTICAL CONCORDANCE to the Holy Scriptures; or, the Bible presen ted 
under distinct and classified Heads or Tobies, With Synopsis and Index. 
Second edition, revised, post 8vo, 8a. 6d., cloth, 

BIBLICAL CYCLOPAEDIA ; or, Dictionary of Eastern Antiquities, Geography, 
Natural History, Sacred Annals and Biography ^ and Biblical Literature. With 
Maps and numerous Illustrations. Seventh edition, revised, post 8vo, 7s. 6<L cl, 
COMMENTARY ON THE GREEK TEXT OF THE EPISTLE OF 
PAUL TO THE COLOS8IANS. 8vo, 10b. fid., cloth. 

COMMENTARY ON THE GREEK TEXT OF THE EPISTLE OF 
• PAUL TO THE EPHESIANS. Svo, 14s., cloth. 

COMMENTARY ON THE GREEK TEXT OF THE EPISTLE OF 
PAUL TO THE PHILIPPIANS. 8vo, 10a. fid., cloth. 

CONDENSED CONCORDANCE to the Holy Scriptures on the basis of Cruden. 
Twentieth edition^ Post 8vo, 5a., doth. 

DICTIONARY OF THE BIBLE, for the Use of Young Persons. With 120 


DIVINE LOVE, a Scries of Doctrinal, Practical* and Experimental 'Dis- 
courses. Foolscap >8 vo, 5s., cloth y- 

EARLY ORIENTAL HISTORY; Comprising the History of Egypt, Assyria* 
_ . Persia, Media, Phrygia, and Phoenicia. Numerous Illustrations* 8 vq* 


courses and Speeches, as recorded in the Acts of the Apoetles, post 8vo, 7s. fid. 
.doth. 
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■ i HISTORY. 

1 CHRISTIAN CHURCH fromifa# Birth of Christ to the 
ght Rev* Samuel Hinos, D.D., Blshbp of Norwich, Rev. 
M James A. JfeREMiE, D.D., Regius Proferaor of Divinity 
3ambridffe, Rev. J. B..S. Carwithen, B.D., Right Rev. 
j Of Hereford, Rev. J. K. Riddle, M.A., Rev. Henry J. 
Three volume*, crown Bvo, L.l Is., cloth. 

METROPOLITAN, NEW AND REVISED 

idsomely printed in a Series of Cabinet V olumefl, crown 8vo. 

S. T. Coleridge. 2s. 

8HW*WE&&AL GRAMMAR. Sir J. Stoddart, LL.D. 6s. 

3.— LOGIC. Archbishop Whately. 3s. 

4.— R4JRTORIC. Archbishop W hately. 3s 6d. 

5.— EARL V CHRISTIANITY. Bishop Hinds. 6s. 

V-POLITICAL ECONOMY, Nassau W. Senior, M, A. 4s. 

* 7— HISTORY OF THE JEW8. Archdeacon Hale. 2s. 6d. 

S— SACRED HISTORY & BIOGRAPHY. Dr. Cox. 6s. 

9.— GREEK LITERATURE, SirT.N.Talfourd, &c. 7s.6d. 

IR— ANCIENT PHILOSOPHY. Rev.F. D. Maurice, M. A. 6s. 

U— UNIVERSAL HISTORY, Sir J. Stoddart* LL.D. 6s. 

13— ROMAN ANTIQUITIES. Professor Ramsay. 8b. 6d. 

13— BOTANY. Professor Balfour. 

14.— ELECTRO-METALLURGY. James Napier, F.C.S. 3s. 6d 

16,— EARLY HISTORY OF GREECE. 8irT.N.Taifourd,&c. 9b. 

16— PHOTOGRAPHY. Robert Hunt, F.R.S. 6s. 

17.— VETERINARY ART. W. C. Spooner. 3s. 

18.— EARLY ORIENTAL HISTORY. Professor Bardie, D.D. 8s. 

19.— HISTORY of the ROMAN REPUBLIC. Dr. Arnold, &c. 8s. 6d. 


BO.— BIBLICAL ANTIQUITIES. Dr. Cox. 7s. 6d. 

81— METALLURGY. J. A. Phillips, F.C.S. 12e.6d. 

83.— THE CHURCH IN THE SECOND AND 

THIRD CENTURIES. Professor Jeremie. 4s. 

23— HISTORY of GREECE & MACEDONIA. Dean Lyall, &c. 8s. 


24— ROMAN LITERATURE. Dr. Arnold, &c. 7s. 6d. 

25.— HISTORY OF THE ROMAN EMPIRE. Dr. Arnold, &c. 10s. 6d. 

86. — DECLINE AND FALL OF ROME. Bishop Russel, &c. 10s. 6d. 

87. — GREEK AND ROMAN PHILOSOPHY. Bishop Blomfilld, &c. 4s. 
88— THE PHILOSOPHY OF THE FIRST 

SIX CENTURIES. Rev. F. D. Maurice. 3s. 6d. 

29— HISTORY op the OTTOMAN EMPIRE. Colonel Procter, &c. 7s. 6d. 


30— TRIGONOMETRY. 

31.— OCCULT SCIENCES. 

32— GEOLOGY. 

33— THE CHURCH FROM THE FOURTH 

TO THE TWELFTH CENTURY. 
34.— CHRONOLOGICAL TABLES. Div. I. 
35— CHRONOLOGICAL TABLES. Div. IL 
96— MEDIEVAL PHILOSOPHY. 

97.— PRACTICE OF MEDICiNK. 

38— GLOSSOLOGY, 

$9— APPLIED MECHANICS. 


Prop. Airy, F.R.S, 2b. 6d. 
Rev. E, Smedlet, &o. 6s. 
Prof. Phillips, F.R.S. 12s 6d 
Rev «LB.S.Carwithen,B D. 

and Others. 5s. # 

I. M'Burney, LL.D. 5s. 
Samuel Neil. 6s* 

Rev.F, D.MatjRicB,M.A. 6s. 
Dr. Aitken. 16s. 

Sir John Stoddart, 7s. 6d. 
Professor Ran kine. 12s 6d. 


49.-4CHUROH HISTORY from THIRTEENTH . 

CENTURY to PRESENT DAY. Bishop Hampden, &c. 7s. 6d. 
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ENGLISH LANDSCAPE PAINTSRS. 


L.l Is., or beautifully Coloured, L.2 ?a. 

FINDEN— BRITISH ART. 

THE ROYAL GALLERY OF BRITISH ART-48 M*#nMjo«t Stfgrav IfM 
after Turn EE, Landseer, STAJjriHLD, «t., &c. Engraved by the SAimewa, 
elephant tolio, L.8 8s., hatf-bound morocco, extra. 

FLEMING.— VOCABULARY OF PHILOSOPHY. 

THE VOCABULARY OF PHILOSOPHY— MoiUl, Menial a*d Met** 
physical. By William Fleming, D.D., Professor of Moral Philosophy ttt 
the University of Glasgow. Second edition, revised. Fcp. 8vo, 7s. cktth, 

GARDNER’S (DR.) POPULAR BIOGRAPHIES. 

MEMOIRS OF EMINENT CHRISTIAN FEMALES, with Portrait*. 
Seventh edition. Foolscap 8vo, 2b. ffd., cloth; or 3s„ gilt edges, 

MEMOIRS OF DISTINGUISHED klSSfONARTRS, with Portraits. Third 
edition. Foolscap Svo, 2s, 6d., cloth ; or 3s., gilt edges. 

GREEK AND ROMAN PHILOSOPHY AND SCIENCE. 

HISTORY OF GREEK AND ROMAN PHILOSOPHY AfU> SCIENCE. 
By the Rev. Dr. Blomfield, W. Lowndes, Esq., M.A., Q.C., Rev. J, W. 
Blakeslet, M.A., A. Findlater, A.M., Rev. Prof. Jbremie, Rev. Prof, j 
Whewell, and others. Crown 8vo, 4b., oloth. j 

GREEK LITERATURE. 

A HISTORY OF GREEK LITERATURE. By Sir T. N. TalfoURd, Right 
Rev. Dr. Blomfield, Bishop of London, Rev. H. Thompson, M. A., and other 
Contributors. With Chronological Tables and Index. Crown 8vo, 7s. 6d„ oloth. 

GREECE. — HISTORY OF. 

PICTORIAL HISTORY OF GREECE from the Earliest Period to the 
absorption of Greece in the Roman Empire. By E. Pococke, Esq.,Jfcev, J. B. 
Ottley, M.A., Sir T. N. Taltourd, D.C.L., J. T.* Rutt, Ew^W. Roe 
Lyall, D.D.. Rev. J. H. B. Mountain, D.D., Rev. G. C. Kenodard, B.D., 
and others. Illustrated by numerous Engravings. 2 vols. crown 8vp, 14s., v oloth. 

GRIFFIN’S NEW EDITIONS of the CLASSICS. 

Junior Classic* — 

Extracts from Caesar’s Commentaries, with Vocabulary and Notes, by 
J . Currie, Glasgow Academy. Second editioff, 18roo, Is. 6d. clatl*. 

Extracts from Ovid’s Metamorphoses, by I. M‘Burney, LL.D., with CopdOus 
Notes. Second edition, 18mo, Is. 6d., cloth. 

Cheap CUalcal Text* — 

Horatu Opera, from the Text of Orellius, large type* foolscap 8vo, Is, 9d. 

ViBGrLii Opera, from the Text of Heyne and Wagner, large typ*y fop. 8vo, 2s. 3d. 

Classical Notes — 

Notes to Horace’s Works, by Joseph Currie. Fcap. 8vo, 4a, 

Notes to Virgil^b Wohxs, by A. H. Bryce, B.A. Fcp. 8vo, fie., cloth. 

University Annotated Classics — 

Vtroiui Opera, with copious Notes by A. H. Bryce, B.A., one of the Classical 
Masters in the High School of Edinburgh. With Illustrations, foolscap 8vo,7s.0d. 
*1o*atii Opera, \rith Copious Notes, by Joseph Currie, one of the Classical 
Masters m the Glasgow Academy, with Illustrations, foolscap 8vo, 6s.* bound. 

Illustrated Classics— 

Hgratii Opera — 260 Illustrations, and Memoir, by Rev. H* Thompson, M.A., 
crown 8vo, 7s. 6d« cloth, or with Currie’s Notes, 9s., doth, 

VutfliLii Opera — 300 Illustrations, and Memoir, by BevVH. Thompson, M.A.* 
orown 8vo, 8a. 6d., cloth, or with Bryce’s Notes, 10s. 6d., cloth. 

HALB.— HISTORY OP THE JEWS, , . 

From the Time of Alexander thtTGreat to the Destruction of Jerusalem by Titus, i 
By Archdeacon Hale, Master of the Charter House. Crown 8vo, 2». 6d,, cl, J 

HINDS. — -EARLY CHRISTIANITY. 

THE BIBB AND BARt/Y PROGRESS OF CHRISTIANITY, By ftighi I 
Rev, Dr. Hinds, Iftshott-of Norwich, New Edition, Revised, crown 8vo,3s.0d., cl, j 
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BUNT.— PHOTOGRAPHY. 

A MufBii <f» Photography, embracing the Daguerreotype. Calqtype, and all 
thejmbbehfld Pbothgraxjhwi processes. By R^bebI Btrwfc, F.tt.S. Fifth edition, 
enlarged. Numerous Engravings, crown 8v0* <3a., cloth, 

JAMIESON. — RELIGIOUS BIOGRAPHY. 

POPULAR CYCLOPAEDIA OP MODERN RELIGIOUS BIOGRAPHY. 
By the Rev. Robert J amieson, D.D. Third Edition, crown 8vo, 3a. 6d-, cloth. 

JEREMIE.— CHURCH HISTORY. 

HISTORY OF THE CHRISTIAN CHURCH IN THE SECOND AND 
THIRD CENTURIES. By James Amiraux Jeremie, D.D., Regius Professor 
of Divinity, Cambridge. Crown 8vo, 4s., cloth. 

KING. — GEOLOGY AND RELIGION. 

THE PRINCIPLES OF GEOLOGY Explained and Viewed in their Relations 
to Revealed and Natural Religion. By Rev, I). King, LL.D. With Notes, 
&c M by Professor Scouler. New edition, revised, foolscap 8vo, 2s. 6d M cloth, 

MACKEY.— FREEMASON RY. 

A LEXICON OF FREEMASONRY, comprising its Terms, History, Tra- 
ditions, Antiquities, Rites and Ceremonies, &c. By A. G. MaCKEY, M.D. 
New edition, edited by Donald Campbell. Crpwn 8vo, 7s. &L, cloth. 

M'BURNEYl — ANCIENT HISTORY. 

THE STUDENT'S HANDBOOK OF ANCIENT HISTORY. Edited by 
I. M‘Buhney, LL.D. With Maps, Tables, &c. Crown 8vo, 3s. 6d., cloth. 

M'BURNEY. — MEDIAEVAL HISTORY. 

THE STUDENT’S HANDBOOK OF THE HISTORY OF THE MIDDLE 
AGES. Edited by I. M’Burney. LL.D. With Introductory Dissertations, by 
Colonel Procter, C.B. Maps. Crown 8vo, 5s., cloth. 

MANUFACTURES AND MACHINERY. 

THE ENCYCLOPAEDIA OF ARTS, MANUFACTURES, AND MA- 
CHINERY. By Professor Barlow. With an Introductory Dissertation, by 
Profestbr Babbage. New edition, with 87 Pages of Engravings. 4to, L.l Is , cloth. 

MAURICE, — MORAL AND METAPHYSICAL PHILOSOPHY : 

Ancient Philosophy, comprising the Hebrew, Egyptian, Hindoo, Chinese, 
Persian, Grecian, Roman and Alexandrian Systems of Philosophy. By Rev. F. 
D. Maurice, M. A. .Chaplain to Lincoln’s Inn. Third Edition, cr. 8vo, 5s., cloth. 
Philosophy of the First Six Centuries. Crown 8vo, 3s. 0d., cloth. 
Medieval Philosophy. XYown 8vo, Bs., cloth. 

Modern Philosophy. Crown 8vo. In the Press. 

MENTAL* SCIENCE. 

Samuel Taylor Coleridge on METHOD ; Archbishop Whately’s Trea- 
tises on LOGIC and RHETORIC. Crown 8vo, 5s., cloth. 

MERCANTILE AND MARINE GUIDE. 

THE MERCANTILE AND MARINE GUIDE. By Graham Wiixmore, 
Esq., A. M„ one of Her Majesty’s Consel, and Edwin Beedell, Esq., of Her 
Majesty’s Customs, London (author of The British Tariff). One large volume, 

6 vo, LI 5s., cloth. 

NAPIER. — DYEING. 

A Manual of Dyeing, Practical and Theoretical. By James NAfmt, F.C.S.* 
With Engravings, Post 8vo, 7s. 5d„ doth. 

NAPIER.— DYEING RECEIPTS. 

A Manual of Dthing Receipts, with Specimens of Cloth. By James 
Napier, F.C.S. Second edition, revised and enlarged, post 8vo, 7s. Gd., cloth. 

NAPIER.— ELECTRO-METALLURGY ; 

Containing an Account of the most Improved Methods of Depositing Copper, 
Silver, Gold, and other metals, with numerous Illustrations. By James Napier, 
F.C.S. Third edition, revised and enlarged. Crown 8vo, Sfe. Ad., cloth. 

NEIL,— MODERN HISTORY. 

THE STUDENT’S HANDBOOK OF MODERN HISTORY from the Begin- 
ning of the Sixteenth Ontury to the Present Day . Edited by Samuel Nbil, Esq. 
With Reflections on the French Revolution by Lord Brougham, crOwhSvo, 5b., cl. 
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N1CH0L. — PHYSICAL SCIENCES. 

A Cyclopedia of tbs Physical Sciences, comprism* Aomatiw, Astronomy, 
Dynamics. Electricity, Best, Hydrodynamics, Magt^ttsm, Philosophy of Mathe- 
matics, Meteorology, Optics, Pneumatfca, Statics. By ProPbssoe Nichol, LL.D. 
Second edition, revised and^niargtfd. W ith maps and Illustrations. Svo, L.l Is., cl. 

OTTOMAN EMPIRE* 

History of thb Ottoman EmfirB, from the Earliest Periods to the close of the 
Russian War, including a Sketch of the Greek Empire and the Crusades. By Col. 
Procter, Rev. J. E.RiDDLE,andJ.M*CoNECHY. 2d editioa,with Map. Cr.8vo,6s. 

PALEY. — NATURAL THEOLOGY; 

Or, the EVIDENCE of the EXISTENCE and ATTRIBUTES of the DEITY, 
by W. PaLEY, D.D., Archdeacon of Carlisle, new edition, with Notes and Disser- 
tations by Lord Brougham and Sir Ch. Bell. 3 vola. small 8vo, 7s. 8d., cloth. 

PHILLIPS— GEOLOGY. 

A Manual of Geology, Practical and Theoretical, with Numerous Illustrations. 
By John Phillips, M.A., F.R.S., F.G.8., Deputy Reader of Geology in the 
University of Oxford. Crown 8vo, 12s. 8d. 

PHILLIPS.— METALLURGY : 

A Manual of Metallurgy: being an Account of Assaying, Mining, Smelting, 
Ac., by J. A. Phillips, F.C.S. Third edition, revised and 'enlarged, with 
above isOO Engravings. Crown 8 vo, 12a. 6d., cloth. 

POCOCKE.— INDIA IN GREECE ; 

Or, TRUTH IN MYTHOLOGY, containing an Aocount of the Sources of the 
Hellenic Race, the Colonization of Egypt and Palestine from India, Ac., Ac. By 
E. Pococke, Esq. Second edition, illustrated by Maps of India and Greece, post 
8vo, 5s., cloth. 

PROUT — DRAWING BOOK. 

Elementary Drawing-book of Landscapes and Buildings. By Samuel 
Trout, F.8.A., comprising 124 subjects. Oblong 8vo f 6 e., cloth. 

PROCTER — CRUSADES. 

HISTORY OF THE CRUSADES; their Rise, Progress, and Results. By 
Colonel Procter. With Illustrations after Gilbert, &o. Crown 8vo, 3a. 6d., cloth. 

RAMSAY— ROMAN ANTIQUITIES; 

A MANUAL OF ROMAN ANTIQUITIES. By William Ramsay, M*:A., 
Professor ot Humanity in the University of Glasgow. With Map, numerous 
Engravings, and very copious Index. Fourth edition, crown 8vo, 8s, 6d., cloth. 

RAMSAY.— LATIN PROSODY. 


A MANUAL OF LATIN PROSODY. By William Ramsay, M.A., Pro- 
fessor of Humanity in the University of Glasgow. Second edition, revised and 
enlarged. Crown, 5s., cloth. 

RANKINE.— MECHANICS. 

A MANUAL OF APPLIED MECHANICS. By W. Macquorn Rankine, 
LL D., F.R.8., &c., Regius Professor of Civil Engineering and Mechanics m 
the University of Glasgow. Numerous Illustrations. Crown 8vo, 12a. 6d., cloth. 

RANKINE.— STEAM ENGINE. 


A MANUAL OF THE STEAM ENGINE AND OTHER PRIME 
* MOVERS. By W. Macouorn Rankine, LL.D., F.R.8., Regius Professor 
of Civil Engineering and Mechanics in the University of Glasgow'. Numerous 
Illustrations. Crown 8vo, 12s, 6d., cloth. 

REID— INTELLECTUAL POWERS. 


Kssays on the Intellectual Powebs of Man. By Thomas Reid, D.D. New 
edition, crotyn 8vo, 6s., cloth. 

RELIGIOUS DENOMINATIONS. 


A CYCLOPAEDIA OF RELIGIOUS DENOMINATIONS. An Authentic 
Account of the various Religions j»*evailing throughout the World, written by 
Members of the respective Bodies. ’Second edition, crown 8vo, 3s. cloth. 

ROME— HISTORY OF. 


PICTORIAL HISTORY OP ROME, from the Foundation of the City of Rome 
to the Extinction of the W^tero Empire. By Rev. Tnojus Arnold, D.P., the 
Rev. Professor J e&emibl, D.D., Sir Thomab Noon Talfourd, D C.L., and 
others. Numerous Engravings. 'Three Volumes, crown 8vo, LI Is., cloth extra, j 
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ROMAN LITERATURE. 

A HISTORY OF ROMAN LITERATURE, By Bov. Thomas Arnold, D.D , 
Rev. Hbnry Thomfsojt, M.A., Rev. J. H. Newmajv, B.D., tlie Rev. J. M. 
Neale, M.A., and other Contributors. Crown 8vo, 7a. 6d., cloth. 

SCRIPTURE READINGS --JAMIESON. 

The Bible Familiarly Explained to tSR Young. Edited by the Rev. Dr. 
Jamieson. With Illustrations, foolscap 8vo, 2s, 6d., cloth. 

SENIOR. — POLITICAL ECONOMY; 

The Science whidh Treats of the Nature, Production, and Distribution of Wealth. 
By Nassau W. Senior, M.A. Fourth edition, crown 8vo, 4a., cloth. 

SMEDLEY.— OCCULT SCIENCES. 

THE OCCULT SCIENCES— Sketches op the Traditions and 'Supersti- 
tions of Past Times and the Marvels of the Present Dav. By Rev. E. 
Smedley, M.A., W. Cooke Taylor, LL.D., Rev. H. Thompson, M.A., and 
ElihU Rich, Eaq. Crown 8vo, 6s., cloth. 

SPOONER. — VETERINARY ART. 

A Practical Treatise on the Diseases of the Horse. By W. C. Spooner, Esq. W ith 
50 Engravings. Crown 8vo, 3^., cloth. 

STODDART.— GLOSSOLOGY. 

A TREATISE ON GLOSSOLOGY, or the Historical Relations of 
Languages. BySir John Stoddart, LL.D. First Division. Crown, 7a. 6d., cl. 

STODDART.— UNIVERSAL HISTORY: 

Two Dissertations— First: On the Uses of History as a Study. Second: On the 
Separation of the Early Facts of History from Fable. By Sir John Sioddart, 
LL.D. Crown 8vo, 5s., cloth. 

STODDART.— UNIVERSAL GRAMMAR, 

Or, the Pure Science of Language. By Sir John Stoddart, LL.D. Third 
edition, revised, crown 8vo, 5s., cloth. 

THOMSON.— CHEMISTRY. 

A CYCLOPEDIA OF CHEMISTRY, Practical and Theoretical, with 
its Applications to Mineralogy, Physiology, and the Arts. By R. D. Thomson, 
M,D.,F.R.S., F.C.S., Professor of Chemistry at St. Thomas’-t Hospital College, 
London. With numerous Illustrations, post 8vo, 12s>. 6d., cloth. 

THOMSON.— POME STIC MEDICINE. 

A DICTIONARY OF DOMESTIC MEDICINE AND HOUSEHOLD 
SURGERY. By Spencer Thomson, M.D., L.R.C.S. Edm. With numerous 
Illustrations, eighth edition, post 8vo, 7s., cloth. 

UNIVERSAL HISTORY. 

A CYCLOPAEDIA OF UNIVERSAL HISTORY: comprising Tabular Views 
of Contemporaneous Events in all Ages, from the Earliest Records to ihc Present 
time, arranged Chronologically and Alphabetically. Edited by Isaiah M‘Burney, 
LL.D., ana Samuel Neil, Esq. Second edition. Post 8vo, 10s. Gd., cloth. 

VIRGILII OPERA. 

THE COMPLETE WORKS OF VIRGIL, from the Text of Heyne and W agner, 
with 300 Illustrations, from the most authentic sources, and Introauctoiv Disserta- 
tion on the Lite and Poetry ot Virgil, by Rev. Henry Thompson, M.A., late 
Scholar of Cambridge. Crown 8vo, 9s., cloth, or with Bryce’s Notes, 10s. 6d., cl. « 

WHATELY.— LOGIC. 

Original Edition, complete, forming part of the Encyclopaedia Metropolitana. 
With Synopsis and Index. Crown 8vo, 2s. 6d., sewed, or 3s., cloth, 

WHATELY.—RHETORIC. 

Original Edition, complete, forming part of the Encyclopaedia Metropolitana. 
With Synopsis and Index. Crown 8vo, 2s. 6d., sewed, or 3s. 6d., cloth. 

WITTICIL— PHYSICAL GEOGRAPHY. 

Curiosities of Physical Geography^ A Description of the most Remarkable 
Natural Phenomena. By William Wittich. New edition. Small 8vo, 2».JBd., cl. 

WOLFE.— MESSIANIC PROPHECIES. 

THE MESSIAH, as PREDICTED m the PENTATEUCH and PSALMS; 
being a new Translation and Critical Exposition of these 3acre& Oracles. By 
J. R. WOLFE, author of the u Practical Hebrew Grammar.” 8vo,‘5s.', cloth. 
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RICHABD GRIFFIN AND COMPANY, 

' |3obIisIj£rs la ±be tffmbtrsiijj of #Ia£gofo. 


AIKMAN’S (J. LOGAN, Minister of Anderston U. P. 
Church, Glasgow) CTCI.OPvEDrA OF CHRISTIAN MISSIONS: 
their Rise, Progress, and Present Position ; with ColourediChart of the 
'World, showing its prevailing National Faiths. Crown 8vo, 5s., cloth. 

AIKMAN’S (J. LOGAN) THE CROSS AND THE 

SEPULCHRE ; being a Series of Meditations on the Passion and 
Resurrection of our Lord. Foolscap 8vo, 5s., cloth. 

ALTAR OF THE HOUSEHOLD. Edited by Rev. Dr. 

Harris. With Introduction by Rev. W, Lindsay Alexander, 1).D. New and 
greatly enlarged edition. Royal 4to, 2 Is., cloth gilt; or with a series of 
Illustrations, ‘25s , cloth gilt. 

ANSTED (PROFESSOR) AND OTHERS’ NAT ORAL 

HISTORY OF INANIMATE CREATION. With many hundred 
Illustrations. Crown 8vo, 8s. 6d., cloth. 

BACON’S (LORD) WRITINGS AND PHILOSOPHY. 

Edited by George L. Craik, LL D., Professor of English Literature, 
Queen’s College, Belfast. Small post 8vo, 8s. 6d., cloth. 

BAIRD’S (WILLIAM, M.D., F.L.S., British Museum) 
POPULAR DICTIONARY OF NATURAL HISTORY, with nume- 
rous Engravings by Harvey, &c. New edition, enlarged, to be completed 
in about 80 parts, 6d. each . 

BROWNE'S (CHARLES T.) LIFE OF ROBERT 

SOUTHEY, LL.D. New edition, foolscap 8vo, 2s., cloth. 

BRYCE’S (JAMES, LL.D., F.G.S.) LIBRARY GAZET- 

TEER; or, COMPLETE DICTIONARY OF GEOGRAPHY, with 
Preliminary Dissertation on Physical Geography. With Maps and 
numerous illustrations, ivoyal 8vo, £1 Is., half-morooco. 

COMPREHENSIVE DICTIONARY OF BIOGRAPHY, 

Comprising a SERIES OF MEMOIRS OF EMINENT INDIVI- 
DUALS, LIVING AND DEAD, with a Systematic and Classified 
Index of Names. Illustrated by Steel Portraits and numerous Wood 
Engravings. Royal 8vo, £rts,, half-morocco. 

CIRCLE OF THE SCIENCES : A Series of Treatises on the 
Natural and Physical Sciences. By Owen, Ansted, Latham, Smith, 
Dallas, and others. With many thousand Illustrations. 9 vols., crown 
8 vo, 45a, doth. 



fiXCBUCD OKtms'llfJ} COMPAirt’a 
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CHAPMAN & HAIL’S STANDARD LIBRARY OE COPY- 

RIGHT WORKS. Post 8 vo. Originally published at 9s. each. 

Messbs. Griffis as d Compant having bought the entire remainder of 
these very important works, have now re-issued them handsomely done 
up in qloth, and reduced them to 8s, Gd. each. 

LIFE OF RIGHT HON. GEORGE CANNING, by Robert Bell. 

LIVES OF LORD LOVAT AND DUNCAN FORBES OF CULLO- 
DEN, by John Hill Burton. 

DIART OF MARTHA BETHUNE BALIOL, FROM 1753 TO 1754. 
LIFE OF MOZART, including his CORRESPONDENCE, by E. Holmes. 
LIFE OF ROBESPIERRE, WITH EXTRACTS FROM HIS UNPUB- 
LISHED CORRESPONDENCE, by G. H. Lewes. 

WAYFARING SKETCHES AMONG THE GREEKS AND TURKS. 

DALLAS’S (W. S., F.L.S.) NATL HAL HISTORY OF THE 

ANIMAL KINGDOM*: ,A Systematic and Popular Description of the 
Habits? Structure, and Classification of Animals. Many hundred illus- 
trations. Crown 8 vo, 8s. 6d., cloth. 

ENGLISHWOMAN’S LIBRARY. By Mrs. Ellis. Fcap. 8vo, 

2s. Gd. each voL cloth, or 3s. gilt : — 

The Women of England. Sommer and Winter in the 

The Daughters of England. Pyrenees, 

The Wives of England. Temper and Temperament, 2 vols. 

The Mothers of England. Prevention bettfr than Cure. 

Family Secrets. 3 vols. Hearts and Homes, 3 vols. 

FARADAY’S (PROF.) LECTURES ON THE PHYSICAL 

FORCES. Delivered to a J u\enile Audieucc at the Royal Institution, 
Christmas, 1859. Edited by William Crookes. Fcap. 8vo, 3s. Gd., cloth. 

GRIFFIN’S (JOHN J.) CHEMICAL RECREATIONS : A 

Popular Manual of Experimental Chemistry. Tenth edition, revised, and 
greatly enlarged. Numerous Engravings. Crown 8vo, 12s. 6d., cloth. 

GBIFFIN’S UNIVERSAL LIBRARY, uniform with Mr. Murray’s 
new edition of Byron, in a series of medium 8vo volumes, handsomely bound 
in cloth, 8b. 6d. each. 

POETRY. First Series^ Robin Ilood Ballads, edited by Ritson, Sir 
Walter Scott’s Lay of the Last Minstrel, Marmion, Lady of the Lake; 
and Oliver Goldsmith’s Plays and Poems. 

, POETRY. Second Series. Chaucer’s Canterbury Tales, and Burns’s 
Poetical Works. 

POETRY. Third Series. Milton’s and Thomson's Poetical Works, 
POETRY. Fourth Series. Young’s poetical aDd Dramatic Works; 
Schillei’s Tragedies, translated by S. T. Colendge; and Goethe^ Faust, 
translated by Lewis Filmore. " 

VOYAGES AND TRAVELS. Anson’s Voyage Ronnd the \Vorld; 
Stephen’s Incidents of Travel in Greece, Russia, lurkey, and Poland; 
and Kcompen’s Account of Japan. 

POPULAR ESSAYS. Goldsmith’s Letters from a Citizen of the World, 
Bee, Inquiry into the Present State of Learning, and Miscellaneous 
Essays ; Bacon 1 * Essays, Civil and Moral ; and Locke on the Reason- 
ableness of Christianity. 

NOVELS AND TALES. Sterne’ s Tristram Shandy; Saintaine’ft Picciola; 
Johnson’s jjUisselas ; and Goldsmith’s Vicar of Wakefield. 
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The works may also be had in limp cloth, as follow : — s . 


Robin Hood, edited by Ritson, 

Anson’s Voyage Round the World, 

Burns’s Poetical Works, with Life, &e., . 

Sterne’s Tristram Shandy, 

Young’s Complete Poetical Works, 

Stephen’s Travels in Turkey, Greece, &c.. 

Goldsmith’s Miscellaneous Essays, 

Thomson’s Complete Poetical Works, 

Goldsmith’s Vicar of Wakefield, and Johnson’s Rasselas, 
Chaucer’s Cafiterbury Tales, 

Picciola : a Tale by Saintaine, 

Schiller’s Tragedies, translated by S. T. Coleridge, ■ 
Goldsmith’s Poems and Plays, 

Koempen’8 Account of Japan, 

Milton’s Complete Poetical Works, 

Goldsmith’s Citizen of the World, 

Locke on the Reasonableness of Christianity, 

Sir Walter Scott’s Poetical Works, , 

Goethe’s Faust, translated by Lewis Filmore, 

Lord Bacon’s Essays, .... 
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HANDBOOK OF COTEMPORARY BIOGRAPHY, com- 

prising a series of Authentic Memoirs of Living Celebrities. Crown 8vo. 

HENRY’S (MATTHEW) COMMENTARY ON THE OLD 

AND NEW TESTAMENTS. New edition, 3 vols., super-ro^al 8vo, 
50s., cloth. 

JACOBITE BALLADS AND SONGS OE SCOTLAND. 

With Introduction and Notes, by Charles Mackay, LL.D. Foolscap 8vo, 
6s., cloth. 

KITTO’S (DR. J.) PHYSICAL HISTORY of PALESTINE. 

New edition, small 8vo, 2s. 6d., cloth. 

KNIGHT’S (CHARLES) PICTORIAL MUSEUM OF 
ANIMATED NATURE, AND COMPANION FOR TUE ZOOLO- 
GICAL GARDENS. Illustrated with 4,000 Wood Engravings. 2 vols., 
folio, 35s., cloth. 

LABOUR AND TRIUMPH : The Life and Times of Hugh 

Miller, by Thomas N. Brown, third edition, foolscap 8vo, 3s. 6d., cl. 

. LAMB’S (CHARLES AND MARY) TALES FROM 

SHAKSf EARE. New edition, to which are now added Scenes illustrat- 
ing each Tale, edited by Charles Knight. Small 8vo, 2s. 6d., cloth. 

MEMORABLE WOMEN; THE STORY OF THEIR 

LIVES. 13y Mrs. Newton Cro&land,- Author of “Lydia: a Woman’s 
Book.” With eight Illustrations by Birket Foster. Third edition, 
foolscap 8vo, 3s. 6d., cloth. «, 

MODERN PULPIT ELOQUENCE, comprising Sermons by 

the most Eminent Divines of the Present Day. With Introductory 
Charge on Preaching, by the Venerable Archdeacon Sinclair. Foolscap 
8vo, 5s., cloth. > -y 



JAJ$i&0tnE 03?' EECEKT publications. 


MOGBS’ (MARQUIS DE) RECOLLECTIONS OF THE 

BARON GROS’S EMBASSY TO CHINA AND JArAN IN 1857-8. 
Post 8vo, 7s. 6d., cloth. 

MONTGOMERY’S (ROBERT) COMPLETE POETICAL 

WORKS, collected and revised by the Author. New edition, in one 
large handsomely printed volume. Medium 8vo, 7s. 6d., cloth extra. 

MONTGOMERY’S (ROBERT) THE OMNIPRESENCE 

OF THE DEITY, and other loems. Twenty-ninth edition. Small 
8vo, 2s. 6d., cloth. 

MONTGOMERY’S (ROBERT) THE SANCTUARY: A 

Companion in Verse for the English Pra_> er-liook. Thiid edition, 
email 8vo, 2s. 6d., bound. 

PICTORIAL SUNDAY BOOK. Edited by Jolm Kitto, 

D.D., F.S.A. Illustrated with 1,300 Engravings oil Wood, and a series 
of Coloured Maps. Folio, 25s., cloth, gilt edges. 

PLAYMATE (THE) : A Pleasant Companion for Span 1 Hours. 

Aperies of interesting and instructive Stoiies by numerous Authors, with 
nearly 157 engravings on wood. Second edition, crown 8vo, 5s , cloth. 

RAMSAY’S (WILLIAM, M.A., Professor of Humanity in 
the University of Glasgow) ELEMENTARY MANUAL OF ROMAN 
ANTIQUITIES. Adapted for Junior Classes. Numeious illustrations. 
Crown 8vo, 4s., cloth. 

RAMSAY’S (WILLIAM, M.A., Professor of Humanity in 
the University of Glasgow) ELEMENTARY MANUAL OF LATIN 
PROSODY. Adapted for Junior Classes, crown 8vo, 2s., cloth. 

RAMSAY’S (WT LLIAM,. M.A., Professor of Humanity in 

the University of Glasgow) SPEECH OF CICERO FOR AULUS 
CLUENTIUS, with Prolegomena and voluminous Notes. Second edition, 
crown 8vo, Cs., cloth. 

SCOTT’S COMMENTARY ON THE BIBLE; containing 

the Old and New Testaments, according to the Authon/.ed Version ; with 
Explanatory Notes, Practical Observations, Copious Marginal References, 
Indexes, &c. New edition, 3 vols., royal 4 to, 63s., cloth. 

SHAKSPERE’S DRAMATIC WORKS : The Stratford 

Edition. Edited by Charles Knight. New edition, 6 vols., foolscap 
8 vo, 21s., cloth. 

SHAKSPERE’S DRAMATIC AND POETICAL WORKS. 

Edited by Barry Cornwall. With numerous Illustrations by Kenny 
Meadows. New and beautifully printed edition. 3 vols., super-iojal 
8 vo, 42s., cloth. 

SOUTHGATE’S (HENRY) MANY THOUGHTS ON 

MANY THINGS: A Complete Treasury of Literary Reference. Second 
edition, small 4to, £1 Is., cloth, or £1 11s. 6d., half- bound morocco. 

THOMSON AND YOUNG’S POETICAL AND DRAMA- 

” s,v TIC WORKS. New edition. One handsome volume, medium 8vo, 7s. Gd., 

'■,S? d#*- 



The greatest and most important Literary Enterprise of the i%.”— C bitic. • 
CABINET EDITION OP THE 

encyclopaedia metropolitana, 

®^0Txrug^ln SUbiaefc mtb sbunbantlg IlfaslraUb. 

Pablisbing in Volumes, each containing a Complete Treatise, Crown Octavo, Cloth. 

Sets of 4 2 Volumes, «£I4- Os. 6d. 

SEVERAL NEW VOLUMES IN ACTIVE PREPARATION. 


Volumes now Rendf. 

. VoL I , price 2s., cloth lettered, 

INTRODUCTORY DISSERTATION ON THE SCIENCE OF METHOD. By 

• Samuel Taylor Coleridge. With a Synopsis. Sixth Edition. 

Vol. IT., price 5s., cloth lettered, 

UNIVERSAL GRAMMAR, or the Pure Science of Language.^ By Sir John 

.Stoddart, Knt., LL D. Third Edition, Revised 
"The soundest and most philosophical treatise ol the hind in the English language ." — North British Jtsvirw. 

Vol TIL, price 3s , cloth lettered, 

LOGIC. By the Most Rev. Richard Whately, D.D., Archbishop of Dublin. 

The Original Edition, with Synopsis and Index by the Editor. 

Vol. IV., price 3s Cd-, cloth lettered, 

RHETORIC. By the Most Rev. Richard Wiiately, D.D., Archbishop of 

Dublin. The Original Edition, with Synopsis and Index by the Editor. 

Vol. V., price Gs , cloth lettered, -* 

HISTORY OF THE CHRISTIAN CHURCH in the First Century. By the 

Right Rev. Samtjkt. Hinds, I>.D., Bishop of Norwich, and the Rev. J. IL Newman, D.D. 
Thud Edition, Revised 

" Erudite research is here combined with independent thought ” — Scottish Guardian. 

Vol. VI , price 4s , cloth lettered, 

POLITICAL ECONOMY. By Nassau William Senior, Esq., late Professor 

of Political Economy in the University of Oxford. Fourth Edition. 

Vol. VII., price 2s Cd., cloth lettered, 

HISTORY OF THE JEWS, from the time of Alexander the Great to the De- 
struction of Jerusalem by Titus, a.m 3595, b c. 409 1o a n 70. By the Venerable Archdeacon 
Hale, A M., Muster of the Charter-house. Fourth Edition. 

Vol. VTII , price 6s., cloth lettered, 

SACRED HISTORY ANI) BIOGRAPHY, from the Antediluvian Period to the 

Time of the Prophet Maiaehi, a.m. 1 to A.M. 3607, b.o. 397. Edited by the Rev. F. A Cox, 
1) i)., LL.D 

" Pleating and good, and worthy of general attention ” — United Presbyterian Mstgasimr. 

m Vol. TX., price 7s 6d., cloth lettered, 

HISTORY OF GREEK LITERATURE. By the Hon. Sir T. N. Talfoct®, 

hCL, the Right Rev. C. J. Blomfield, D.D , Bishop of London ; R. Whitcombr, Esq., M.A., 
Trinity College, Cambridge; E. Pococke, Esq.; the Rev. J. B. Ottley, M.A., and the Bev. 
II. Thompson, M.A., St. John’s College, Cambridge. * 

“ Fab of information, expressed In the choicest language."— Athmcsmt. 

Vol, X., price 5s., cloth lettered, 

MORAL AND METAPHYSICAL PHILOSOPHY. SYSTEMS OF PHILOSO- 

PHY ANTERIOR TO THE TIME OF CHRIST. By the Rev. F. D. Maurice, M.A Third 
Edition, lte-wntten. 

“ Complete and satisfactory .”— Literary GasetU. 

VoL XL, price 5s., cloth lettered, 

INTRODUCTION TO UNIVERSAL HISTORY— On the Uses or History 

as a Stitdt, and On the Separation of the Karlt Facts of Hihtobt from Fawjl By 
Sir John Stoddart, LL.D. Re-written. 

“ eannot apeak too highly in lta praise .’’— Literary GasetU, 









